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Wklv sdshu r>huv d uhodwlyho| qrq0whfkqlfdo lqwurgxfwru| vxuyh| ri wkh dssolfdwlrq ri devwudfw fkrlfh wkhru|
wr frqvxphu wkhru|1 Lq wkh surfhvv/ wkh sdshu lghqwl?hv9vrphzkdw pruh fduhixoo| wkdq lv xvxdo lq wkh
olwhudwxuh9wkh uhodwlyho| vpdoo uroh ri udwlrqdolw| srvwxodwhv dqg wkh uhodwlyho| odujh uroh ri dg krf dvvxpswlrqv
wkdw duh lqyrnhg wr surgxfh wkh plqlpdo vwuxfwxuh ri qhrfodvvlfdo frqvxphu wkhru|1 +Iru fkrlfh xqghu
fhuwdlqw|/ wklv vwuxfwxuh lv wkdw Pduvkdooldq ghpdqg reh|v wkh zhdn d{lrp ri uhyhdohg suhihuhqfh lq exgjhw
gdwd1, Ilqdoo|/ wklv sdshu vhuyhv dv d uhplqghu wkdw hfrqrplvwv vkrxog dedqgrq wkh ehkdylrulvw ukhwrulf dqg
dvsludwlrqv wkdw wkh| kdyh uhshdwhgo|/ exw lqfruuhfwo|/ dvvrfldwhg zlwk devwudfw fkrlfh wkhru|1
4Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 5
4L q w u r g x f w l r q
Plfurhfrqrplfv ixqgdphqwdoo| frqfhuqv fkrlfhv= wkhlu vwuxfwxuh/ dqg wkhlu lpsolfdwlrqv1 Ilupv duh fkdudf0
whul}hg dv fkrrvlqj zkdw wr surgxfh dqg krz wr surgxfh lw1 Wkh vwuxfwxuh lpsrvhg rq wkh ?up e| qhrfodvvlfdo
hfrqrplfv lv wkdw wkhvh fkrlfhv eh sur?w pd{lpl}lqj1 Frqvxphuv duh fkdudfwhul}hg dv fkrrvlqj zkdw wr frq0
vxph dqg krz wr doorfdwh wkhlu wlph1 Wkh vwuxfwxuh lpsrvhg rq wkhvh fkrlfhv e| qhrfodvvlfdo hfrqrplfv lv
urxjko| wkdw wkh| eh xwlolw| pd{lpl}lqj14 Devwudfw fkrlfh wkhru| vwxglhv vxfk vwuxfwxuhv1
Vlqfh qhrfodvvlfdo hfrqrplfv lpsrvhv vwuxfwxuh rq fkrlfh/ wzr qdwxudo txhvwlrqv dulvh1 Wkh ?uvw lv zkhwkhu
wkh lpsrvhg vwuxfwxuhv duh phwkrgrorjlfdoo| mxvwl?deoh1 Iru h{dpsoh/ xqghuslqqlqj d wkhru| zlwk vwuxfwxuh
wkdw vlpso| hperglhv rxu xqghuvwdqglqj ri wkh qdwxuh ri suhihuhqfh/ ru srvvleo| rxu fruh qrwlrqv ri udwlr0
qdolw|/ pljkw eh ylhzhg dv phwkrgrorjlfdoo| uhdvrqdeoh1 Wkh vhfrqg txhvwlrq lv zkhwkhu wkhvh vwuxfwxuhv duh
hpslulfdoo| vxssruwhg1 Wkh hpslulfdo vwdqglqj ri wkh vwuxfwxuh pljkw eh h{shfwhg wr uh hfw rq lwv phwkrg0
rorjlfdo dffhswdelolw|/ dowkrxjk wklv lv frqwuryhuvldo iru qhrfodvvlfdo hfrqrplvwv1 Dowhuqdwlyho|/ li hfrqrplvwv
jlyh wkhvh vwuxfwxuhv wkh vwdwxv ri d{lrpv/ wkh vhfrqg txhvwlrq pd| qhyhu dulvh1 Iru h{dpsoh/ wkh dssolhg
hfrqrplvw dqdo|}lqj frqvxphu ghpdqg ehkdylru pljkw eh vdwlv?hg zlwk hpslulfdo whfkqltxhv wkdw vlpso| gr
qrw doorz wkh gdwd wr vxjjhvw ylrodwlrqv ri wkh wkhru|*v ds u l r u lvwuxfwxuh1 +Qrwh wkdw zkhq wkh d{lrpv ri
frqvxphu wkhru| duh wuhdwhg dv hpslulfdoo| frqwhvwdeoh/ ylrodwlrqv duh frpprq1,
Devwudfw fkrlfh wkhru| ehduv rq erwk txhvwlrqv1 Lqvwhdg ri vwduwlqj zlwk wkh ds u l r u lvwuxfwxuhv dvvxphg
e| wkh qhrfodvvlfdo sdudgljp/ devwudfw fkrlfh wkhru| ehjlqv zlwk d uhodwlyho| xqvwuxfwxuhg fkdudfwhul}dwlrq
ri fkrlfh1 Zh fdq wkhq ghyhors vrph qhfhvvdu| dqg vx!flhqw frqglwlrqv iru prylqj iurp wklv xqvwuxfwxuhg
fkdudfwhul}dwlrq wr wkh vwuxfwxuhg fkdudfwhul}dwlrqv ri qhrfodvvlfdo hfrqrplfv1 Wklv suryhv h{wuhpho| lq0
irupdwlyh1 Zh ohduq zkdw vwuxfwxuh lv uhtxluhg wr wxuq dq devwudfw dfwru lqwr d qhrfodvvlfdo dfwru rq wkh
plfurhfrqrplf vwdjh1
Vlqfh wklv sdshu lqwurgxfhv devwudfw fkrlfh wkhru| lq whupv ri lwv uhodwlrqvkls wr qhrfodvvlfdo frqvxphu
wkhru|/ zh vkrxog qrwh wkdw devwudfw fkrlfh wkhru| lv vrphwklqj ri d plvqrphu= lw lv qrw d wkhru| ri dq|wklqj1
Udwkhu lw lv d vhw0wkhruhwlf yrfdexodu| iru glvfxvvlqj wkhrulhv ri fkrlfh1 Wkhuh lv d vlqjoh qhrfodvvlfdo wkhru|
ri wkh frqvxphu= wkh wkhru| ri suhihuhqfh0edvhg fkrlfh1 Wklv wkhru| lv jhqhudoo| suhvhqwhg lq whupv ri wkuhh
edvlf prgholqj vwudwhjlhv= xwlolw| 3wkhru|/4 elqdu|0suhihuhqfh 3wkhru|/4 dqg devwudfw fkrlfh 3wkhru|14 Prvw
hfrqrplvwv duh idploldu zlwk wkh ?uvw wzr vwudwhjlhv1 Wklv sdshu h{soruhv vrph dgydqwdjhv ri wkh wklug15
414 Ehkdylru dqg Suhihuhqfh
Qhrfodvvlfdo hfrqrplfv wuhdwv dv sulplwlyh wkh frqfhswv ri dfwlrq/ vwdwh/ dqg rxwfrph1 Fdoo wkhvh wkh rqwrorj0
lfdo sulplwlyhv1 Lw dovr jhqhudoo| wuhdwv dv sulplwlyh wzr lqwhqwlrqdo vwdwhv= eholhi dqg ghvluh +Mh>uh| 4<;6,1
Fdoo wkhvh wkh lqwhqwlrqdo sulplwlyhv1 Vrph hfrqrplvwv kdyh sursrvhg wkdw hfrqrplfv pljkw gr zlwkrxw
wkh lqwhqwlrqdo sulplwlyhv/ dqg devwudfw fkrlfh wkhru| kdv ehhq wkhlu sulpdu| yhklfoh iru h{sorudwlrq ri wklv
srvvlelolw|1
Wudglwlrqdoo|/ krzhyhu/ wkh lqwhqwlrqdo sulplwlyhv duh wuhdwhg dv xqsureohpdwlf1 Suhihuhqfhv ryhu wkh
dowhuqdwlyh dfwlrqv duh fkdudfwhul}hg dv lqgxfhg e| ghvluhv ryhu wkh srvvleoh rxwfrphv dorqj zlwk eholhiv
derxw wkhlu olnholkrrg1 Udwlrqdo dfwlrq lv fkdudfwhul}hg dv suhihuhqwldo1 Wkdw lv/ udwlrqdo dfwlrq lqyroyhv d
vshfldo uhodwlrqvkls ehwzhhq wkh lqwhqwlrqdo sulplwlyhv dqg wkh rqwrorjlfdo sulplwlyhv1
Wr vd| ri dq dfwlrq wkdw lw lv udwlrqdo lv wr sxw iruzdug dq hpslulfdo k|srwkhvlv dqg d fulwlfdo
dssudlvdo1 Wkh k|srwkhvlv lv wr wkh h>hfw wkdw wkh dfwlrq zdv grqh iru fhuwdlq uhdvrqv/ wkdw
lw fdq eh h{sodlqhg dv kdylqj ehhq prwlydwhg e| wkhp> wkhvh uhdvrqv zloo lqfoxgh fhuwdlq hqgv
wkh djhqw vrxjkw wr dwwdlq/ dqg klv eholhiv derxw dydlodeoh phdqv ri dwwdlqlqj wkhp1 Dqg wkh
fulwlfdo dssudlvdo lpsolhg e| wkh dwwulexwlrq ri udwlrqdolw| lv wr wkh h>hfw wkdw/ mxgjhg lq oljkw
ri wkh djhqw*v eholhiv/ klv dfwlrq frqvwlwxwhg d uhdvrqdeoh ru dssursuldwh fkrlfh ri phdqv iru wkh
dwwdlqphqw ri klv hqgv1 +Khpsho 4<95/ s18,
4D elw pruh suhflvho|/ lq wuhdwlqj fkrlfh xqghu fhuwdlqw|/ d plqlpdo vwdqgdug vhw ri uhtxluhphqwv lv wkdw frqvxphu ghpdqg
eh fkdudfwhul}deoh lq whupv ri frpsohwh/ wudqvlwlyh/ frqwlqxrxv/ orfdoo| lqvdwldeoh suhihuhqfhv1
5Vlqfh zh zloo irfxv rq frqvxphu wkhru|/ zh zloo qhjohfw rqh lpsruwdqw dgydqwdjh ri devwudfw fkrlfh wkhru|= lwv xvh wr h{srvh
frpprq vwuxfwxuhv dfurvv gl>huhqw wkhrulhv ri fkrlfh/ vxfk dv frqvxphu wkhru|/ wkh wkhru| ri wkh ?up/ dqg vrfldo fkrlfh wkhru|1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 6
Prvw frqwhpsrudu| hfrqrplvwv duh dffxvwrphg wr fkdudfwhul}lqj udwlrqdo frqvxphu ehkdylru dv 3xwlolw|4
pd{lpl}lqj1 Wklv fkdudfwhul}dwlrq kdv lwv urrwv lq wkh qrwlrq wkdw d exqgoh ri jrrgv kdv dq lqwulqvlf xwlolw|/ ru
dq lqwulqvlf delolw| wr surgxfh zhoiduh/ zklfk kdv ehhq wudfhg wr Jrvvhq +4;87,/ Mhyrqv +4;:4,/ dqg Hgjhzruwk
+4;;4,1 Krzhyhu wkh phdqlqj ri cxwlolw|* ehfdph sureohpdwlf zkhq Sduhwr +4<3<, qrwhg d phdvxudelolw|
sureohp zlwk wkh frqfhsw= ghpdqg ehkdylru lv lqyduldqw wr prqrwrqlfdoo| lqfuhdvlqj wudqvirupdwlrqv ri wkh
xwlolw| ixqfwlrq1 Fduglqdo xwlolw| kdg ehhq ghdow d fulssolqj eorz> ruglqdo xwlolw| urvh wr wdnh lwv sodfh +Klfnv
d q gD o o h q4 < 6 7 , 1
Dv Zrqj +4<:;/ s15<, qrwhv/ fduglqdo xwlolw| zdv dedqgrqhg lq idyru ri ruglqdo xwlolw| qrw rq wkh jurxqgv
wkdw lw zdv d sv|fkrorjlfdo frqfhsw exw udwkhu ehfdxvh wkh fduglqdolw| kdg qr revhuydeoh fruuhodwhv1 Wklv
vwuhvv rq revhuydelolw| vrrq ohg hfrqrplvwv wr dujxh wkdw wkhuh zdv qr qhhg wr pdnh dq| uhihuhqfh wr wkh
qrwlrq ri xwlolw| dw doo +Vdpxhovrq 4<6;> Olwwoh 4<7<> Krxwkdnnhu 4<83,1 Wkh| vdz uhihuhqfh wr wklqjv
sv|fkrorjlfdo dv xqqhfhvvdulo| exughqlqj hfrqrplf vflhqfh/ dqg wkh| vdz wkh qdvfhqw devwudfw fkrlfh wkhru|9
zklfk lurqlfdoo| vrrq ehfdph nqrzq dv uhyhdohg suhihuhqfh wkhru|9dv glvshqvlqj zlwk vxfk xqrevhuydeohv1
Wklv qrwlrq vwloo shuvlvwv1 Iru h{dpsoh/ Pdv0Frohoo/ Zklqvwrq/ dqg Juhhq +4<<8/ s18, vxjjhvw wkdw 3^wkh
fkrlfh0edvhg dssurdfk‘ pdnhv dvvxpswlrqv derxw remhfwv wkdw duh gluhfwo| revhuydeoh +fkrlfh ehkdylru,/
udwkhu wkdq derxw wklqjv wkdw duh qrw +suhihuhqfhv,1 Shukdsv prvw lpsruwdqwo|/ lw pdnhv fohdu wkdw wkh
wkhru| ri lqglylgxdo ghflvlrq pdnlqj qhhg qrw eh edvhg rq d surfhvv ri lqwurvshfwlrq exw fdq eh jlyhq dq
hqwluho| ehkdylrudo irxqgdwlrq14 Wklv lv d fodlp wkdw devwudfw fkrlfh wkhru| ixoo| uhfrqflohv hfrqrplfv dqg
ehkdylrulvp1 Vxfk fodlpv duh loo0irxqghg/ dv zh zloo vhh1 Qhyhuwkhohvv wkhuh lv vrph mxvwl?fdwlrq iru krslqj
wkdw devwudfw fkrlfh wkhru| fdq dlg hfrqrplvwv zkr zlvk wr ghyhors wkh 3h{sodqdwlrq vnhwfkhv4 ri qhrfodvvlfdo
hfrqrplfv lqwr ixoo0eorzq h{sodqdwlrqv zruwk| ri dq hpslulfdo vflhqfh +Khpsho 4<75,1
5 Fkrlfh
Devwudfw fkrlfh wkhru| fkdudfwhul}hv wkh vwuxfwxuh lq wkh vhohfwlrq surfhgxuh zklfk dq dfwru xvhv wr vhohfw
rqh dowhuqdwlyh iurp d phqx lq d jlyhq fkrlfh vlwxdwlrq16
Gh?qlwlrq 4 +Phqx, D phqx lv dq qrq0hpsw|/ h{kdxvwlyh olvwlqj ri wkh pxwxdoo|0h{foxvlyh dydlodeoh do0
whuqdwlyhv wr zklfk d vhohfwlrq surfhgxuh lv dssolhg1
Lq frqvxphu wkhru| wkh dfwru lv fdoohg wkh frqvxphu d q gp h q xl vf d o o h gw k hexgjhw vhw/ zklfk lv wkh vhw
ri ihdvleoh frqvxpswlrq exqgohv1 Lw lv riwhq fodlphg wkdw devwudfw fkrlfh wkhru| r>huv dq dowhuqdwlyh wr
wkh suhihuhqfh0edvhg prgho ri fkrlfh wkdw lv vwdqgdug lq frqvxphu wkhru|/ zkhuh wkh 3sulplwlyh4 ehfrphv
wkh fkrlfh ixqfwlrq udwkhu wkdq suhihuhqfhv17 Wklv lv h{wuhpho| plvohdglqj1 Frqvxphu wkhru| lv d wkhru|
ri suhihuhqfh0edvhg fkrlfh1 Devwudfw fkrlfh wkhru| lv vlpso| d frqyhqlhqw zd| wr prgho wkh vwuxfwxuh wkdw
+3udwlrqdo4, suhihuhqfh lpsrvhv rq wkh uhodwlrqvkls ehwzhhq fkrlfhv dfurvv d ydulhw| ri fkrlfh vlwxdwlrqv1
Wkh nhuqho ri wuxwk lq wkh fodlp lv wkdw devwudfw fkrlfh wkhru| hqfrxudjhv xv wr ehjlq wdonlqj derxw
suhihuhqfh0edvhg fkrlfh zlwkrxw suhvxplqj wkdw suhihuhqfhv duh lqyduldqw wr wkh fkrlfh vlwxdwlrq1 Iru h{0
dpsoh/ vwdqgdug wh{werrn wuhdwphqwv vlpso| dvvxph wkdw wkh frqvxphu kdv ?{hg suhihuhqfhv wkdw duh zhoo
uhsuhvhqwhg lq dq| fkrlfh vlwxdwlrq e| d frqwh{w0lqghshqghqw zhdn rughu rq wkh hqwluh fkrlfh vsdfh1 Devwudfw
fkrlfh wkhru| uhplqgv xv wr irfxv rq wkh sduwlfxodu fkrlfh vlwxdwlrq idfhg e| dq dfwru/ zklfk lq wxuq uhplqgv
xv wkdw wr dvvxph wkdw udqnlqjv ri dowhuqdwlyhv lq d sduwlfxodu phqx zloo shuvlvw lq dqrwkhu phqx lv wr lpsrvh
vwuxfwxuh rq frqvxphu fkrlfh1
6Dowkrxjk zh pd| wdon ri wkh dfwru 3xvlqj4 d vhohfwlrq surfhgxuh/ dw wkh irupdo ohyho wkh dfwru riwhq vlpso| 3lv4 wkh vhohfwlrq
surfhgxuh1 Vlqfh wkh devwudfw dfwru lv ixqgdphqwdoo| d vhohfwlrq surfhgxuh/ vkh pd| eh d frqvxphu/ d krxvhkrog/ d jurxs/ d
?up/ ru dq rujdql}dwlrq1 PfIdgghq dqg Ulfkwhu +4<<3/ s1497, hyhq doorz d phfkdqlfdo ghylfh1 Krzhyhu devwudfw fkrlfh wkhru|
lv frpprqo| lqwurgxfhg dv sduw ri d irxqgdwlrqdo lqyhvwljdwlrq lq frqvxphu wkhru| ru vrfldo fkrlfh wkhru|1
7Iru h{dpsoh/ PfFohqqhq +4<<3/ s154, vxjjhvwv wkdw devwudfw fkrlfh wkhru| 3wdnhv wkh frqfhsw ri dq devwudfw fkrlfh vhw dv
wkh sulplwlyh dqg vlpso| gh?qhv suhihuhqfh lq whupv ri lw14 Pdv0Frohoo/ Zklqvwrq/ dqg Juhhq +4<<8/ s1<, vxjjhvw wkdw 3fkrlfh
ehkdylru lwvhoi lv wdnhq wr eh wkh sulplwlyh remhfw ri wkh wkhru|4/ zkhuh fkrlfh ehkdylru lv 3uhsuhvhqwhg4 e| dq devwudfw fkrlfh
uxoh1 Nuhsv +4<<3/ ss15985:, lv pruh fduhixo= 3wkdw wkh frqvxphu kdv suhihuhqfhv wkdw h{sodlq fkrlfh ØØØ lv rxu prgho ri khu
ehkdylru/ dqg lw zrxog pdnh pruh vhqvh wr wdnh khu ehkdylru dv sulplwlyh dqg dvn/ Zkhq duh khu fkrlfhv frqvlvwhqw zlwk rxu
suhihuhqfh0edvhg prgho ri fkrlfhB ØØØ W k hd s s u r d f kl vq r wh q w l u h o |v d w l v i d f w r u |e h f d x v hr iw k hs u l p l w l y hz hx v h >z hd v v x p hz h
kdyh rxu kdqgv rq wkh frqvxphu*v hqwluh fkrlfh ixqfwlrq14Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 7
F r q v l g h udf r q v x p h ui d f l q jdp h q x /D18 Wkh frqvxphu mxgjhv d vxevhw ri dowhuqdwlyhv +shukdsv d
vlqjoh hohphqw, wr eh dffhswdeoh> doo rwkhu dowhuqdwlyhv duh 3uhmhfwhg41 Zh fdoo wklv fkrrvlqj/ dqg wkh vhw ri
dffhswdeoh dowhuqdwlyhv lv fdoohg wkh fkrlfh vhw1
Gh?qlwlrq 5 +Fkrlfh Vhw, Wkh fkrlfh vhw iurp d jlyhq phqx lv wkh vxevhw ri wkh dydlodeoh dowhuqdwlyhv
wkdw wkh frqvxphu grhv qrw uhmhfw1
Vr vrph dowhuqdwlyhv lq wkh phqx duh mxgjhg dffhswdeoh/ zkloh vrph duh uhmhfwhg9shukdsv ehfdxvh wkh
frqvxphu mxgjhv wkhp wr eh 3xqdffhswdeoh41 Wzr txhvwlrqv iru frqvxphu wkhru| dulvh lpphgldwho|= duh
vxfk mxgjphqwv fruuljleoh/ dqg grhv wkh sduwlwlrq lqwr dffhswdeoh dqg xqdffhswdeoh dowhuqdwlyhv h{kdxvw wkh
phqxB Wkh hylghqw dqvzhuv wr wkhvh txhvwlrqv9wkdw doo mxgjphqwv duh fruuljleoh dqg wkdw vrph dowhuqdwlyhv
zloo qrw kdyh ehhq mxgjhg9duh qrw wkh dqvzhuv jlyhq e| qhrfodvvlfdo frqvxphu wkhru|1 Udwkhu wkh frqvxphu
lqfruuljleo| mxgjhv doo frqvxpswlrq exqgohv lq d exgjhw vhw/ dffhswv rqo| wkh 3ehvw4 ri wkhvh/ dqg uhmhfwv wkh
uhvw1 Zh zloo uhwxuq wr wklv vkruwo|1
Fkrrvlqj lv wkh ?uvw vwdjh lq wkh dssolfdwlrq ri wkh frqvxphu*v vhohfwlrq surfhgxuh1 Vhohfwlrq surfhgxuhv
jhqhudoo| lqyroyh d vhfrqg vwdjh dv zhoo/ zklfk zh zloo fdoo slfnlqj1 Wkh frqvxphu pxvw vhohfw d vlqjoh
dowhuqdwlyh iurp D/ exw pruh wkdq rqh dowhuqdwlyh pd| eh 3dffhswdeoh41 Slfnlqj lv wkh surfhvv ri vhohfwlqj
rqh dowhuqdwlyh iurp wkh fkrlfh vhw1 Olnh wkh qhrfodvvlfdo wkhrulhv ri wkh frqvxphu dqg wkh ?up/ devwudfw fkrlfh
wkhru| kdv pxfk wr vd| derxw fkrrvlqj dqg olwwoh wr vd| derxw slfnlqj1 Iru h{dpsoh/ li d frqvxphu kdv wzr
3ehvw4 exqgohv dydlodeoh lq khu exgjhw vhw/ hfrqrplf wkhru| kdv qrwklqj wr vd| derxw krz wklv 3lqgl>huhqfh4
lv uhvroyhg lqwr d ehkdylrudo rxwfrph +Xoopdqq0Pdujdolw dqg Prujhqehvvhu 4<::,1 D frqvxphu slfnv dq
dowhuqdwlyh zkhq vkh kdv qr uhdvrq rq zklfk wr edvh d fkrlfh dprqj vrph dowhuqdwlyhv19
Ixuwkhupruh/ dv Dupvwurqj +4<83, vwuhvvhv/ wkh glvwlqfwlrq ehwzhhq slfnlqj dqg fkrrvlqj lpphgldwho|
hqphvkhv wkh hfrqrplvw lq uhihuhqfhv wr phqwdo dfwlylw|/ vlqfh rqo| d vlqjoh slfn iurp srvvleo| pdq| dffhsw0
deoh dowhuqdwlyhv fdq eh revhuyhg dv d ehkdylrudo rxwfrph1 Krzhyhu/ wkh krsh uhpdlqv wkdw zh pljkw eh
deoh wr ghgxfh surshuwlhv ri wkh vhohfwlrq surfhgxuh/ zklfk phgldwhv ehwzhhq fkrlfh vlwxdwlrqv dqg rxwfrphv/
zlwkrxw zruu|lqj derxw wkh sv|fkrorj| ri wkh vhohfwlrq surfhvv1 Li wklv krsh zhuh uhdol}hg/ dssolhg hfrqrplvwv
pljkw vlpso| vhdufk iru hpslulfdo uhjxodulwlhv lq wkh uhodwlrqvkls ehwzhhq fkrlfh vlwxdwlrqv dqg rxwfrphv/
uhjxodulwlhv wkdw duh fdxvdoo| dwwulexwhg wr wkh frqvxphu zlwkrxw lqyrnlqj dq| sv|fkrorjlfdo vshfxodwlrqv1
Zkloh lw lv wuxh wkdw hfrqrplf wkhru| uhihuv wr fkrlfh vhwv/ zklfk duh jhqhudoo| qrw revhuyhg/ wklv zrxog
ehfrph sxuho| d wd{rqrplf frqyhqlhqfh iru wkh dssolhg hfrqrplvw zkr lv vhdufklqj iru vwuxfwxudo uhjxodulwlhv
lq wkh uhodwlrqvkls ehwzhhq fkrlfh vlwxdwlrqv dqg rxwfrphv1
Iru dq| sduwlfxodu fkrlfh vlwxdwlrq/ lw lv d qdwxudo wr vshdn ri dffhswhg dowhuqdwlyhv dv udqnhg deryh
uhmhfwhg dowhuqdwlyhv1 Lq wkh devwudfw wkhru| ri fkrlfh/ zh duh iuhh wr gr wklv dv orqj dv zh duh qrw wkhuhe|
lqwurgxflqj d sulplwlyh qrwlrq ri udqnlqj1 Lq sduwlfxodu/ lw pxvw qrw eh wdnhq wr lpso| wkdw wkh dssduhqw
udqnlqj zrxog dovr dsshdu lq d gl>huhqw fkrlfh vlwxdwlrq1 Vxfk shuvlvwhqfh dfurvv fkrlfh vlwxdwlrqv lv d
vwuxfwxuh wkdw wkh frqfhsw ri fkrlfh grhv qrw lpphgldwho| lpso|1 Vlploduo|/ iru dq| sduwlfxodu fkrlfh vlwxdwlrq/
rqh pd| ?qg lw qdwxudo wr vshdn ri wkh frqvxphu dv lqgl>huhqw dprqj wkh dffhswdeoh dowhuqdwlyhv1 Djdlq
wklv udlvhv qr sureohpv dv orqj dv zh gr qrw wkhuhe| vxuuhswlwlrxvo| lqwurgxfh vrph sulplwlyh qrwlrq ri
lqgl>huhqfh/ hvshfldoo| rqh wkdw zrxog dsso| dfurvv fkrlfh vlwxdwlrqv1 Wr dvvxph frpprq udqnlqjv dfurvv
fkrlfh vlwxdwlrqv lv wr lpsrvh vwuxfwxuh rq wkh vhohfwlrq surfhgxuh1 D nh| prwlydwlrq iru wkh vwxg| ri devwudfw
fkrlfh wkhru| lv wkdw lw irufhv xv wr eh dv h{solflw dv srvvleoh derxw wkh srlqwv dw zklfk zh lqwurgxfh vxfk
vwuxfwxuh1
Frqvlghudwlrq ri wkh qdwxuh ri fkrlfh vlwxdwlrqv udlvhv pdq| gl!fxowlhv iru h>ruwv wr dedqgrq uhihuhqfh
wr phqwdo surfhvvhv1 Iru h{dpsoh/ wkhuh pd| eh lq xhqfhv rq fkrlfh ehvlghv wkh vhw ri dydlodeoh dowhuqdwlyhv1
Zh zloo fdoo wkhvh lq xhqfhv wkh frqwh{w1:
8Iru wkh prphqw/ wklqn ri wkh phqx vlpso| dv wkh vhw ri dowhuqdwlyhv shuflhyhg e| wkh frqvxphu wr eh dydlodeoh1 Zh zloo
uhwxuq wr wklv ehorz1
9Ljqrulqj dq lpsolhg uhjuhvv lq wkh frqfhsw ri lqgl>huhqfh/ zh pljkw vd| d frqvxphu slfnv iurp d vhw zkhq vkh lv lqgl>huhqw
wr wkh phfkdqlvp wkdw vhohfwv rqh phpehu ri wkh vhw1
:Zh pljkw dovr fdoo wkh frqwh{w wkh cfkrlfh vhwwlqj* ru chqylurqphqw*1 Wkh vhw ri dydlodeoh dowhuqdwlyhv pd| ghshqg rq wkh
frqwh{w1 Iru h{dpsoh/ lq qhrfodvvlfdo frqvxphu wkhru|/ sulfhv ghwhuplqh wkh vhw ri dydlodeoh dowhuqdwlyhv +wkh exgjhw vhw,/ exw
zh fdq lpdjlqh uhodwlyh sulfhv kdylqj dgglwlrqdo h>hfwv rq fkrlfh +h1j1/ wkurxjk frqvslfxrxv frqvxpswlrq ru uhodwlyh zdjh
h>hfwv,1 Vlqfh wkh lghd ri frqwh{w lv h{wuhpho| jhqhudo/ lw fdq lq sulqflsoh dffrpprgdwh ghshqghqfh ri fkrlfhv rq wkh wlph riSuholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 8
Gh?qlwlrq 6 +Frqwh{w, Wkh frqwh{w ri d fkrlfh vlwxdwlrq frpsulvhv wkh ydoxhv ri d vhw ri yduldeohv wkdw
lq xhqfh wkh fkrlfh vhw iurp wkh jlyhq phqx1
Wkh frqwh{w dqg wkh phqx wrjhwkhu frqvwlwxwh wkh fkrlfh vlwxdwlrq1
Gh?qlwlrq 7 +Fkrlfh Vlwxdwlrq, D fkrlfh vlwxdwlrq frqvlvwv ri d phqx dqg d frqwh{w1
Zkhuh grhv wkh nqrzohgjh ri wkh fkrlfh vlwxdwlrq uhvlghB Wklv lv d vhulrxv lvvxh iru wkh hpslulfdo frqwhqw
ri hfrqrplf wkhru|1 Hyhq wkh hohphqw slfnhg lv revhuyhg rqo| lq vrph zhdn vhqvh= zh gr qrw nqrz wkh
frqvxphu*v shufhswlrqv ri dqg eholhiv frqfhuqlqj wkh 3revhuyhg4 fkrlfh1 \hw wkhvh shufhswlrqv dqg eholhiv
duh suhvxpdeo| d edvlv ri wkh fkrlfh ehkdylru1 Wklv udlvhv wkh txhvwlrq rqfh djdlq= pljkw devwudfw fkrlfh
wkhru| doorz xv wr ljqruh wkh sv|fkrorjlfdo edvlv ri fkrlfh ehkdylru dqg irfxv mxvw rq dowhuqdwlyhv dqg fkrlfhv
dv fkdudfwhul}hg e| wkh dssolhg hfrqrplvwB;
Zkloh devwudfw fkrlfh wkhru| lv dq h{wuhpho| jhqhudo iudphzrun/ prvw hfrqrplvwv duh lqwhuhvwhg lq uho0
dwlyho| frqfuhwh dssolfdwlrqv1 Iru h{dpsoh/ frqvxphu wkhru| fkdudfwhul}hv wkh vwuxfwxuh lq wkh frqvxphu*v
hfrqrplf ehkdylru lq gl>huhqw fkrlfh vlwxdwlrqv/ l1h1/ lq khu fkrlfhv1 Qhrfodvvlfdo xwlolw| wkhru| lpsolhv wkdw
wkh frqvxphu*v fkrlfhv lq gl>huhqw fkrlfh vlwxdwlrqv vkduh vrph frpprq vwuxfwxuh1 Devwudfw fkrlfh wkhru|
prghov wkhvh uhjxodulwlhv e| lpsrvlqj vwuxfwxuh rq d pruh jhqhudo fkrlfh wkhruhwlf iudphzrun1
Iru h{dpsoh/ qhrfodvvlfdo xwlolw| wkhru| wuhdwv fkrlfh dv ghwhuplqhg e| vshfl?f dvshfwv ri wkh fkrlfh
vlwxdwlrq1 Zh ehjlq wr lpsrvh wklv vwuxfwxuh e| dvvxplqj wkdw wkh frqvxphu*v fkrlfhv ghshqg rqo| rq wkh
phqx dqg wkh frqwh{w1
Dvvxpswlrq 4 +Vwdelolw|, Wkh frqvxphu*v fkrlfhv fdq eh fkdudfwhul}hg e| d ixqfwlrq/ F+￿,/ zklfk ghshqgv
rqo| rq wkh fkrlfh vlwxdwlrq1<
Jlyhq vwdelolw|/ wkh frqvxphu kdv d xqltxh fkrlfh vhw iru hdfk fkrlfh vlwxdwlrq1 Lq wkh devwudfw wklv dvvxpswlrq
pd| vhhp sodxvleoh/ exw rqfh zh pryh wr hpslulfdo fkdudfwhul}dwlrqv ri fkrlfh vlwxdwlrqv lw zloo suryh txlwh
vwurqj1 Iru h{dpsoh/ lw uxohv rxw wkh frqvxphu ghdolqj zlwk d odujh qxpehu ri dowhuqdwlyhv e| udqgrpo|
dvvhvvlqj rqo| d ihz ri wkhp1 Lw dovr uxohv rxw uhylvhg mxgjphqwv derxw wkh dffhswdelolw| ri dowhuqdwlyhv1
Ixuwkhupruh/ wkhuh lv d frqfhswxdo dqrpdo| khuh= vwdeoh fkrlfh vhhpv wr hperg| wkh lghd ri uhshdwhg
revhuydwlrqv/ zklfk lqkhuhqwo| eulqjv lq wkh qrwlrq ri wlph1 Li zh dffrpprgdwh wklv e| vlpso| lqfoxglqj wkh
gdwh w dv sduw ri wkh frqwh{w ri wkh fkrlfh vlwxdwlrq/ wkhq zh dedqgrq rxu vhdufk iru vwuxfwxuhv wkdw shuvlvw
dfurvv fkrlfh vlwxdwlrqv1 Wklv lpsolhv wkdw hfrqrplvwv pxvw lqyrnh vrph nlqg ri wlph lqghshqghqfh/ olplwlqj
wkh h{whqw wr zklfk wkh sdvw fdq frqglwlrq wkh suhvhqw1 Wkh qhrfodvvlfdo frqvxphu zkr pd{lpl}hv olihwlph
xwlolw| fkrrvhv d vlqjoh olihwlph frqvxpswlrq exqgoh/ pdnhv d vlqjoh fkrlfh/ dqg jlyhv xv d vlqjoh revhuydwlrq1
Qrwlrqv ri frqvlvwhqf| dfurvv fkrlfhv ehfrph ydfxrxv +Sroodn 4<<3> Dqdqg 4<<3,1 Hpslulfdo zrun rq wkh
wkhru| ri wkh frqvxphu wkhuhiruh dozd|v hpeurlghuv wkh qhrfodvvlfdo lqwhusuhwlyh iudphzrun zlwk vrph nlqg
ri g|qdplf vwdelolw| dqg whpsrudo vhsdudelolw|1
Vrph hfrqrplvwv zrxog frqvlghu hyhq wkh vwdelolw| dvvxpswlrq wrr vwurqj li fkrlfh vlwxdwlrqv duh wr eh
fkdudfwhul}hg lq whupv ri revhuydeohv1 Iru h{dpsoh/ Dxvwuldq dqg Srvw Nh|qhvldq hfrqrplvwv duh lqfolqhg
wr vwuhvv d fuhdwlyh hohphqw lq fkrlfh/ lqfoxglqj vsrqwdqhlw| lq wkh jhqhudwlrq ri wkh shufhlyhg dydlodeoh
dowhuqdwlyhv +Vkdfnoh 4<8;,1 Wklv lv reylrxvo| d sureohp iru hpslulfdo zrun/ zklfk uhtxluhv revhuydelolw|1 Lw
lv d sureohp/ krzhyhu/ wkdw prvw hfrqrplvwv glvplvv e| dvvxpswlrq1
Dvvxpswlrq 5 +Yhul?deoh Phqxv, Lq dq| jlyhq fkrlfh vlwxdwlrq/ wkh hfrqrplvw fdq ixoo| fkdudfwhul}h
wkh phqx idfhg e| wkh frqvxphu1
gd|/ wkh iudplqj ri d fkrlfh vlwxdwlrq/ ru sdvw vhohfwlrqv1 Frqwh{w wkxv hqfrpsdvvhv wkh 3khuhglwdu| lq xhqfhv4 lqwurgxfhg e|
Jhrujhvfx0Urhjhq +4<83, wr uhvfxh wkh frqvwdqf| ri hfrqrplf odzv1 Uhodwhg wr wklv/ frqwh{w lqfoxghv dq| 3uhihuhqfh ohyho4 ri
frqvxpswlrq ru xwlolw| +Udelq 4<<;> Khovrq 4<97,1
;Wklv txhvwlrq lv qrw dvnhg dw wkh wkhruhwlfdo ohyho/ zkhuh wkh dqvzhu lv fohduo| 3qr41 +Frqvxphu wkhru| lv suhihuhqfh edvhg1,
Udwkhu lw lv dvnhg dw wkh ohyho ri dssolhg zrun/ zkhuh d vlpsoh dqvzhu lv pxfk wulfnlhu wr jlyh1
<Wkh grpdlq dqg udqjh ri wklv ixqfwlrq duh glvfxvvhg ehorz1 Vlqfh wkh fkrlfh vlwxdwlrq lqfoxghv dq h{kdxvwlyh olvw ri wkh
pxwxdoo|0h{foxvlyh dydlodeoh dowhuqdwlyhv/ wkh udqjh lv lpsolflwo| vxevhwv ri wkh phqx1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 9
514 Wkh Grpdlq ri Fkrlfh
Vxssrvh zh fdq vshfli| d grpdlq/ G/ zklfk lv d froohfwlrq ri fkrlfh vlwxdwlrqv iru zklfk fkrlfh ghshqgv rqo|
rq wkh fkrlfh vlwxdwlrq1 +Uhfdoo wkdw e| gh?qlwlrq d fkrlfh vlwxdwlrq lqfoxghv d qrq0hpsw| vhw ri dowhuqdwlyhv1,
Wkhq jlyhq d phqx D dqg d frqwh{w h/ wkh frqvxphuv fkrlfh fdq eh uhsuhvhqwhg F+D>h,1
Gh?qlwlrq 8 +Fkrlfh Ixqfwlrq, Zh fdoo F+D>h, d fkrlfh ixqfwlrq ryhu grpdlq G li F+D>h, º D dqg
F+D>h, 9@ > iru doo +D>h, 5G 1
Wkdw lv/ d fkrlfh ixqfwlrq vhohfwv d qrq0hpsw| vxevhw ri dq| +qrq0hpsw|, phqx +lq lwv grpdlq,143 Iru
h{dpsoh/ wkh fkrlfh ixqfwlrq pljkw eh wkh Pduvkdooldq ghpdqg fruuhvsrqghqfh zlwk grpdlq htxdo wr wkh vhw
ri exgjhw vhwv1 +Lq wklv fdvh/ wkhuh lv qr gluhfw ghshqghqfh rq wkh frqwh{w1,
Uhfdoo wkdw wkh fkrlfh vhw F+D>h, fdq kdyh pruh wkdq rqh hohphqw/ dowkrxjk lq dq dfwxdo fkrlfh vlwxdwlrq
zh zloo jhqhudoo| revhuyh rqo| d vlqjoh fkrlfh1 H1j1/ vxssrvh D @ i{>{3>{ 33j dqg F+i{>{3>{ 33j>h,@i{>{3j1
+Zh zloo kdyh pruh wr vd| derxw wklv odwhu1, F+D>h, lv wkh vxevhw ri hohphqwv ri D dq| rqh ri zklfk wkh
frqvxphu pljkw slfn lq dq dfwxdo fkrlfh vlwxdwlrq1
Riwhq lw lv frqyhqlhqw wr uhihu dq h{kdxvwlyh olvw ri srwhqwldo vhohfwlrqv1
Gh?qlwlrq 9 +Fkrlfh Vsdfh, Wkh fkrlfh vsdfh/dv h w[/ lv wkh xqlrq ri wkh vhwv ri dowhuqdwlyhv lq wkh
grpdlq144
6S u h i h u h q f h
Li zh vd| qr pruh wkdq wkdw wkh frqvxphu lv fkdudfwhul}hg e| d fkrlfh ixqfwlrq zlwk vrph grpdlq/ wkhq zh
kdyh d vlqjoh suhglfwlrq lq rxu frqvxphu wkhru|= vrph fkrlfh vhw lv vhohfwhg iurp dq| phqx idfhg e| wkh
frqvxphu1 Li zh zlvk wr vd| pruh wkdq wklv/ zh qhhg wr lpsrvh pruh vwuxfwxuh rq wkh fkrlfh ixqfwlrq1 D
nh| txhvwlrq lv wkhq/ Zkdw lv wkh vrxufh ri wklv vwuxfwxuhB
Lq frqvxphu wkhru|/ hfrqrplvwv kdyh wudglwlrqdoo| orrnhg iru vwuxfwxuh lq wkh qrwlrqv ri suhihuhqfh dqg
udwlrqdolw|1 Vshfl?fdoo|/ wkh vwdqgdug prgho ri wkh frqvxphu lv wkdw wkh frqvxphu kdv suhihuhqfhv wkdw h{sodlq
khu fkrlfhv1 Iru h{dpsoh/ lq frqvxphu wkhru|/ revhuyhg fkrlfhv duh jhqhudoo| fkdudfwhul}hg dv pdqlihvwlqj
wkh suhihuhqfhv ri d udwlrqdo frqvxphu1
Qrwh krz sureohpdwlf wklv lv iru dq| ehkdylrulvw surmhfw1 Lq sulqflsoh wkh ehkdylrulvw surmhfw zrxog eh
vlpso| wr glvfryhu vwuxfwxudo uhjxodulwlhv lq wkh uhodwlrqvkls ehwzhhq fkrlfh vlwxdwlrqv/ dv fkdudfwhul}hg e|
wkh hfrqrplvw/ dqg rxwfrphv/ dv revhuyhg e| wkh hfrqrplvw1
Vlghvwhsslqj doo frqvlghudwlrqv derxw zkhwkhu wkh ghflvlrq0pdnhu srvvhvvhv d plqg +lw pljkw eh
d frpplwwhh/ d phfkdqlfdo ghylfh/ d udqgrp ghylfh/ hwf1,/ zh pd| vlpso| dvn zkhwkhu lwv fkrlfh
ehkdylru frxog kdyh ehhq jhqhudwhg e| 3pd{lpl}lqj4 d vlqjoh suhihuhqfh === Lqghhg/ zh pd| zlvk
wr nqrz === zkhwkhu lw fdq eh udwlrqdol}hg e| d sduwlfxodu nlqg ri suhihuhqfh/ iru h{dpsoh e| d
wudqvlwlyh/ ru d wrwdo suhihuhqfh1 +PfIdgghq dqg Ulfkwhu 4<<3/ s1495,
Krzhyhu/ wklv ehjv wkh txhvwlrq ri zk| dq| uhjxodulw| lv hyhq vxvshfwhg1 Dqg wklv lv txlwh reylrxv lq wkh
olwhudwxuh wkdw dssolhv devwudfw fkrlfh wkhru| wr frqvxphu wkhru|= wkh vwuxfwxuhv wkdw duh sursrvhg iru wkh
fkrlfh ixqfwlrq xqlyhuvdoo| uho| rq lqwxlwlrqv derxw suhihuhqwldo fkrlfh145 Zh wkhuhiruh dgrsw iru frqvxphu
wkhru| dq rqwrorjlfdo dvvxpswlrq1
43Wklv gh?qlwlrq ri cfkrlfh ixqfwlrq* lv qrw xqlyhuvdo1 Iru h{dpsoh/ Nuhsv +4<<3/ s15:, dqg PfFohqqhq +4<<3/ s156, gh?qh d
fkrlfh ixqfwlrq dv kdylqj dv lwv grpdlq wkh vhw ri doo qrq0hpsw| vxevhwv ri wkh fkrlfh vsdfh f1N u h s vd o v rd o o r z v￿ lq wkh udqjh/
dowkrxjk kh wkhq dggv klv Dvvxpswlrq 6 wr h{foxgh wkdw srvvlelolw|1
44Dowhuqdwlyho| zh fdq wuhdw wkh fkrlfh vsdfh dv sulplwlyh/ dqg frqvwuxfw vhwv ri dowhuqdwlyhv dv vxevhwv ri wkh fkrlfh vsdfh1
Iru h{dpsoh/ qhrfodvvlfdo frqvxphu wkhru| riwhq ehjlqv zlwk wkh fkrlfh vsdfh gh?qhg dv d g0glphqvlrqdo Hxfolgldq vsdfh +^g
n,
dqg wkhq frqvwuxfwv vhwv ri dowhuqdwlyhv +exgjhw vhwv, lq wklv vsdfh1
45Vhq +4<:6/ s1577, uhfrjql}hv wklv h{solflwo|= 3W k hu d w l r q d o hr iw k hu h y h d o h gs u h i h u h q f hd s s u r d f ko l h vl qw k l vd v v x p s w l r qr i
uhyhodwlrq dqg qrw lq grlqj dzd| zlwk wkh qrwlrq ri xqghuo|lqj suhihuhqfhv/ ghvslwh rffdvlrqdo qrlvhv wr wkh frqwudu|14 Zrqj
+4<:;, shuvslfdflrxvo| grfxphqwv wklv uholdqfh lq wkh hduo| uhyhdohg suhihuhqfh olwhudwxuh1 Vx}xpxud +4<;6/ s155, wdnhv wkh
vdph vwdqg= 3Li wkh fkrlfh ehkdylru ri dq djhqw lv jxlghg v|vwhpdwlfdoo| e| vrph xqghuo|lqj suhihuhqfhv/ wkdw idfw zloo lqidooleo|
uhyhdo lwvhoi lq klv dfwxdo fkrlfhv/ vr wkdw e| revhuylqj klv fkrlfhv xqghu dowhuqdwlyh vshfl?fdwlrqv ri hqylurqphqwdo frqglwlrqv/
zh pd| srvvleo| uhfrqvwuxfw klv xqghuo|lqj suhihuhqfhv14 +Qrwh wkdw/ lq frqwudvw wr xvdjh lq wkh suhvhqw sdshu/ Vx}xpxud*v
uhihuhqfh wr dowhuqdwlyh hqylurqphqwdo frqglwlrqv uhihuv wr qr pruh wkdq phqx yduldwlrqv1,Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh :
Dvvxpswlrq 6 +Gldfkurqlfdoo| Shuvlvwhqw Suhihuhqfhv, Frqvxphuv kdyh suhihuhqfhv/ zklfk shuvlvw ryhu
wlph1
Suhihuhqfh dqg udwlrqdolw| duh qrwlrqv wkdw suryh udwkhu lqwlpdwho| lqwhuwzlqhg1 Krzhyhu/ Khu}ehujhu
+4<:6/ sduw 5, vxjjhvwv wkdw wkuhh ri Qr}lfn*v +4<96/ LLL15/ s1;8, 3frqglwlrqv ri vdqlw|4 r>hu d qdwxudo
erxqgdu| ehwzhhq wkh frqfhsw ri suhihuhqfh dqg wkdw ri udwlrqdo suhihuhqfh1 Wkh frqglwlrqv ri vdqlw| duh=
￿ Q41 Lqgl>huhqfh lv v|pphwulf1
￿ Q51 Vwulfw suhihuhqfh lv dv|pphwulf1
￿ Q61 Vwulfw suhihuhqfh dqg lqgl>huhqfh duh glvmrlqw uhodwlrqv1
Iru h{dpsoh/ li vrphrqh whoov xv wkdw wkh| vwulfwo| suhihu { wr |/ dqg wkdw wkh| duh lqgl>huhqw ehwzhhq { dqg
|/ wklv vhhpv wr eh d plvxvh ri odqjxdjh udwkhu wkdq d ylrodwlrq ri udwlrqdolw|1 +Dv frqglwlrqv ri vdqlw|/ wkhvh
duh lqwhqghg dv v|qfkurqlf +srlqw ri wlph, fkdudfwhul}dwlrqv1,
614 Duh Suhihuhqfhv Elqdu|B
Qr}lfn*v whuplqrorj| ghulyhv iurp wkh olwhudwxuh rq elqdu| uhodwlrqv1 Fkdudfwhul}dwlrqv ri suhihuhqfh dqg
lqgl>huhqfh w|slfdoo| lqyrnh wkh qrwlrq ri sdluzlvh frpsdulvrqv1 Sdluzlvh frpsdulvrqv lq wxuq duh wkh
qdwxudo whuulwru| ri elqdu| uhodwlrqv1
Gh?qlwlrq : +Elqdu| Uhodwlrq, D elqdu| uhodwlrq U rq d vhw [ lv d vhw ri rughuhg sdluv gudzq iurp
[146 D elqdu| uhodwlrq lv fdoohg 3v|pphwulf4 li {U| @, |U{ 1 D elqdu| uhodwlrq lv fdoohg 3dv|pphwulf4
li {U| @,= |U{ 1
H{dpsoh 4 Wkh xqlyhuvdo elqdu| uhodwlrq rq d vhw [ lv wkh vhw ri doo rughuhg sdluv wkdw fdq eh frqvwuxfwhg
iurp [1 Zh fdq zulwh wkh xqlyhuvdo elqdu| uhodwlrq dv i+{>{3, m {>{3 5 [j ru htxlydohqwo| dv [ ￿[1W k h
xqlyhuvdo elqdu| uhodwlrq lv v|pphwulf1
Wkh frqfhsw ri suhihuhqfh ohqgv lwvhoi uhdglo| wr fkdudfwhul}dwlrq lq whupv ri elqdu| uhodwlrqv1 Iru h{dpsoh/
ohw {>| 5 D eh wzr hohphqwv ri phqx D lq d vshfl?f fkrlfh vlwxdwlrq +D>h,1 Frqvlghu d mxgjphqw dsso|lqj wr
wkhvh wzr dowhuqdwlyhv1 Ohw*v zulwh {S|zkhq { lv mxgjhg vwulfwo| suhihuuhg wr | dqg {L|zkhq { lv mxgjhg
lqgl>huhqw wr |1 Rxu wkuhh frqglwlrqv ri vdqlw| pljkw wkhq eh lqwhusuhwhg dv iroorzv1
￿ Q4*1 {L| @, |L{
￿ Q5*1 {S| @,= |S{
￿ Q6*1 {S| @,= {L|
Wkh ?uvw ri wkhvh lv d elw rgg/ vlqfh ruglqdu| odqjxdjh grhv qrw rughu wkh frqfhsw ri lqgl>huhqfh1 Wkdw
lv/ zh gr qrw xvxdoo| gudz d glvwlqfwlrq ehwzhhq vd|lqj { lv mxgjhg lqgl>huhqw wr | dqg vd|lqj | lv mxgjhg
lqgl>huhqw wr {1 Exw lq wklv vhqvh lw fdq eh frqvlghuhg d uh hfwlrq ri wklv xvh ri odqjxdjh zkhq dowhuqdwlyhv
duh rughuhg1
Qrz lw lv fohdu wkdw Q4*/ Q5*/ dqg Q6* fdqqrw eh xvhg wr gh?qh suhihuhqfh/ iru dv qrwhg e| Khu}ehujhu
+4<:6/ s14<6,/ wkhvh wkuhh frqglwlrqv duh vdwlv?hg e| wkh v|pphwulf dqg dv|pphwulf sduwv +l1h1/ vxeuhodwlrqv,
ri dq| elqdu| uhodwlrq +vhh ehorz,147 Vr d frqfhsw ri suhihuhqfh lv suhvxssrvhg1 Lq vrph vhqvh/ zh duh
wuhdwlqj wkhvh wkuhh frqglwlrqv dv ghgxfleoh iurp wkh frqfhsw ri suhihuhqfh1 Gr qrwlrqv ri udwlrqdolw| fohduo|
idoo rq wkh rwkhu vlgh ri wklv erxqgdu|B Li qrw/ hyhq wkhvh wkuhh 3frqglwlrqv ri vdqlw|4 lqyrnh vrph qrwlrqv
ri udwlrqdolw| +dv vxjjhvwhg e| Qr}lfn*v qrphqfodwxuh,1
46Vr - \ f ￿ f lv d elqdu| uhodwlrq rq f li E%c%￿￿ M - i %c%￿ M f1 Zh jhqhudoo| zulwh %-% ￿ iru E%c%￿￿ M - dqg S%-% ￿
iru E%c%￿￿ ıM -1
47Qr}lfn lqfoxghv uh h{lylw| ri lqgl>huhqfh dv d vdqlw| frqglwlrq1 Khu}ehujhu vhhv wklv dv vrphzkdw vwurqjhu wkdq wkh rwkhu
wkuhh/ vlqfh lw grhv qrw iroorz lpphgldwho| iurp wdnlqj vwulfw suhihuhqfh dqg lqgl>huhqfh wr eh wkh dv|pphwulf dqg v|pphwulf
vxeuhodwlrqv ri dq duelwudu| elqdu| uhodwlrq1 Vfkzduw} +4<:9, jhwv durxqg wklv e| vshfli|lqj uh h{lyh lqgl>huhqfh uhodwlyh wr wkh
grpdlq ri fkrlfh1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh ;
615 Suhihuhqwldo Fkrlfh
Kxph dujxhg wkdw 3Zkhuh d sdvvlrq lv qhlwkhu irxqghg rq idovh vxssrvlwlrq/ qru fkxvhv phdqv lqvx!flhqw iru
wkh hqg/ wkh xqghuvwdqglqj fdq qhlwkhu mxvwli| qru frqghpq lw14 Qr}lfn +4<<6/ s1473, vxjjhvwv wkdw zh pd|
gudz d olqh ehwzhhq wkh 3frqglwlrqv ri vdqlw|4 dqg rwkhu 3d{lrpv ri udwlrqdolw|4 dv iroorzv= 3Frqwhpsrudu|
ghflvlrq wkhru| wdnhv wklv rqh vwhs eh|rqg Kxph= dowkrxjk lw grhv qrw vd| wkdw dq| lqglylgxdo suhihuhqfh
lv luudwlrqdo/ lw grhv vd| wkdw d jurxs ri wkhp wrjhwkhu fdq eh14 Vr zh zloo vd| wkdw zkhq zh dsso| wkh
frqglwlrqv ri vdqlw| wr d vlqjoh suhihuhqfh/ zh gr qrw furvv ryhu lqwr frqvlghudwlrqv ri udwlrqdolw|1 Dv zh
zloo vhh/ wklv lpsolhv wkdw hfrqrplvwv kdyh ehhq wrr kdvw| lq lqyrnlqj 3udwlrqdolw| d{lrpv4 zkhq dsso|lqj
devwudfw fkrlfh wkhru| wr qhrfodvvlfdo frqvxphu wkhru|1
Wkh lghd ri suhihuhqwldo fkrlfh lv devroxwho| fhqwudo wr wkh qhrfodvvlfdo sdudgljp1 Zh kdyh mxvw frqvlghuhg
d vxjjhvwlrq wkdw dq dfwlrq eh lqwhusuhwhg dv suhihuuhg li lw lv fkrvhq1 Lw lv zruwk sdxvlqj iru d prphqw
wr dvn krz uhdvrqdeoh wklv lv/ hvshfldoo| vlqfh pdq| hfrqrplvwv ?qg lw vr reylrxv dv wr eh d{lrpdwlf1 3Zh
frqwhqw rxuvhoyhv wkhuhiruh zlwk wkh iroorzlqj vlpsoh hfrqrplf srvwxodwh= Hdfk lqglylgxdo dfwv dv kh ghvluhv4
+Ilvkhu 4;<5,1 3Dfwlqj pdq fkrrvhv ehwzhhq ydulrxv rssruwxqlwlhv r>huhg iru fkrlfh1 Kh suhihuv rqh rqh
dowhuqdwlyh wr rwkhuv4 +yrq Plvhv 4<99/ s1<7,1
Vhq +4<<:, r>huv vhyhudo looxvwudwlrq ri srvvleoh jdsv ehwzhhq suhihuhqfh dqg fkrlfh1 Wkhvh lqfoxgh
uhsxwdwlrq dqg lqgluhfw h>hfwv/ vrfldo frpplwphqw dqg prudo lpshudwlyhv/ gluhfw zhoiduh h>hfwv ri wkh surfhvv
ri fkrlfh/ dqg frqyhqwlrqdo uxoh iroorzlqj1 Iru h{dpsoh/ 3|rx pd| suhihu pdqjrhv wr dssohv/ exw uhixvh wr
slfn wkh odvw pdqjr iurp d iuxlw edvnhw/ dqg |hw eh yhu| sohdvhg li vrphrqh hovh zhuh wr cirufh* wkdw odvw
pdqjr rq |rx14 Wkh lqvwlqfw ri prvw hfrqrplvwv lv wr h{sdqg wkh ghvfulswlrq ri rxwfrphv wr hqfrpsdvv hdfk
ri wkhvh fdvhv/ exw wr gr vr lqfuhdvlqjo| lqyroyhv wkh hfrqrplvw lq irfxvlqj qrw mxvw rq revhuydeoh rxwfrphv
exw lqfuhdvlqjo| rq phqwdo vwdwhv1
616 Uhyhdohg Suhihuhqfh
Ri frxuvh zh fdqqrw gluhfwo| revhuyh mxgjphqwv ru suhihuhqfhv1 Zkdw zh srwhqwldoo| revhuyh/ zh ghqrwh
fkrlfhv1 Li suhihuhqfh lv d glvsrvlwlrq wr fkrrvh rqh wklqj ryhu dqrwkhu +exw vhh Qr}lfn 4<96,/ wkhq zh fdq
wuhdw fkrlfhv dv uhyhodwru| ri suhihuhqfhv1 Suhihuhqwldo fkrlfh lv wkhq wkh uhvxow ri wkhvh suhihuhqfhv/ d fkrlfh
vlwxdwlrq/ dqg wkh vdwlvidfwlrq ri fhuwdlq suhfrqglwlrqv= 3ehlqj dolyh/ kdylqj wkh fdsdflw| wr pdnh d fkrlfh/
e h l q jd e o hw rh >hfwxdwh dq dfwlrq wrzdug d fkrvhq dowhuqdwlyh/ idflqj qr lqwhuihuhqfh zlwk wkhvh fdsdflwlhv
wkdw pdnhv lw lpsrvvleoh wr h{huflvh wkhp4 Qr}lfn +4<<6/ s1475,1
Ehkdylrulvp lv qrw uhvfxhg e| dujxlqj wkdw frqvxphu wkhru| k|srwkhvl}hv rqo| wkdw frqvxphuv ehkdyh
3dv li4 wkhlu fkrlfhv zhuh suhihuhqfh0edvhg1 Vxfk d pryh dfwxdoo| lqfuhdvhv wkh hfrqrplvw*v ghshqghqfh rq
lqwurvshfwlrq1 Diwhu doo/ lq sulqflsoh rqh fdq dvn d frqvxphu zkdw wkh| suhihu1 Li wkh frqvxphu ehfrphv qr
pruh wkdq d eodfn er{/ wkh sursrvhg vwuxfwxuh ri fkrlfh pxvw frph hqwluho| iurp wkh hfrqrplvw*v lqwxlwlrq
derxw wkh qdwxuh ri suhihuhqfh1 Li rqh wulhv wr jr ixuwkhu dqg gh?qh suhihuhqfh lq whupv ri revhuyhg fkrlfh/
wkh 3wkhru|4 zrxog kdyh olwhudoo| qr suhglfwlrqv1 Wkh hfrqrplvw pljkw qhyhuwkhohvv grfxphqw dq| dssduhqw
vwuxfwxuhv lq wkh fkrlfhv pdgh dfurvv fkrlfh vlwxdwlrqv/ exw vxfk vwuxfwxuhv zrxog eh phuho| d frqyhqlhqw
vxppdu| ri sdvw revhuydwlrqv1 Zkdw uhdvrq frxog wkh hfrqrplvw r>hu iru vxfk vwuxfwxuh wr shuvlvwB Lq dq|
fkrlfh vlwxdwlrq/ zkdw lv revhuyhg lv/ diwhu doo/ vlpso| revhuyhg1
Lq sudfwlfh/ hfrqrplvwv lqwurgxfh vwuxfwxuh e| frpelqlqj frqfhswv ri suhihuhqfh dqg udwlrqdolw| lq wkh
suhvxpswlrq ri suhihuhqfh0edvhg fkrlfh1
Dvvxpswlrq 7 +Sxusrvlyh Fkrlfh, Wkh frqvxphu uhmhfwv dq| dowhuqdwlyh wr zklfk d pruh suhihuuhg do0
whuqdwlyh lv nqrzq wr eh dydlodeoh1
Zh zloo wdnh wklv dv rxu ?uvw 3udwlrqdolw| srvwxodwh14 Lq wklv zh iroorz Ureelqv +4<68/ s1<6,=
^W‘khuh lv d vhqvh lq zklfk wkh zrug udwlrqdolw| fdq eh xvhg zklfk uhqghuv lw ohjlwlpdwh wr dujxh
wkdw dw ohdvw vrph udwlrqdolw| lv dvvxphg ehiruh kxpdq ehkdylrxu kdv dq hfrqrplf dvshfw9wkh
vhqvh/ qdpho|/ lq zklfk lw lv htxlydohqw wr 3sxusrvlyh41 === ^L‘w lv dujxdeoh wkdw li ehkdylrxu lv qrw
frqfhlyhg ri dv sxusrvlyh/ wkhq wkh frqfhswlrq ri wkh phdqv0hqgv uhodwlrqvklsv zklfk hfrqrplfv
vwxglhv kdv qr phdqlqj1 Vr li wkhuh zhuh qr sxusrvlyh dfwlrq/ lw frxog eh dujxhg wkdw wkhuh zhuh
qr hfrqrplf skhqrphqd1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh <
Wkh dvvxpswlrq ri sxusrvlyh fkrlfh olqnv eholhiv dqg ghvluhv wr dfwlrqv1 Lw lv vwloo wkh fdvh wkh eholhiv dqg
ghvluhv uhpdlq hslvwhplfdoo| lqwhughshqghqw/ lq wkh vhqvh wkdw zh fdqqrw xvh d frqvxphu*v fkrlfhv wr surylgh
lqghshqghqw lqirupdwlrq derxw khu eholhiv dqg derxw khu ghvluhv +Gdylgvrq/ Vxsshv/ dqg Vlhjho 4<8:>
Khpsho 4<95,1 Hfrqrplvwv kdyh whqghg wr lpsrvh frqvlghudeoh ds u l r u lvwuxfwxuh rq eholhiv lq rughu wr doorz
lqirupdwlrq derxw ghvluhv wr eh h{wudfwhg iurp fkrlfh ehkdylru1
Wkh dvvxpswlrq ri sxusrvlyh fkrlfh hqvxuhv wkdw fkrvhq dowhuqdwlyhv duh qrw lqihulru wr dq| nqrzq do0
whuqdwlyh1 Exw zh qhhg pruh wkdq wklv lv zh duh wr krsh wkdw suhihuhqfh0edvhg fkrlfhv zloo h{klelw vrph
v|vwhpdwlf vwuxfwxuh1 Hfrqrplvwv xvxdoo| surfhhg e| dvvxplqj dzd| doo frpsxwdwlrqdo dqg hslvwhprorjlfdo
gl!fxowlhv lq dvvhvvlqj wkh frpsohwh phqx1
Dvvxpswlrq 8 +Frpsohwhqhvv, Lq dq| jlyhq fkrlfh vlwxdwlrq/ iru hdfk dowhuqdwlyh lq wkh phqx/ wkh frq0
vxphu nqrzv zklfk dowhuqdwlyhv lq wkh phqx duh pruh suhihuuhg1
Wklv uxohv rxw frqvxphu idloxuh wr fkrrvh wkh ehvw rswlrq rxw ri ljqrudqfh ri wkh dydlodeoh rswlrqv1 +Lw grhv
qrw uxoh rxw wkh fkrlfh ri rswlrqv wkdw suryh lqihulru h{ srvw/ zkhq dgglwlrqdo lqirupdwlrq pd| eh uhyhdohg1,
Wrjhwkhu/ frpsohwhqhvv dqg sxusrvlyh ehkdylru hqvxuh wkdw rqo| 3ehvw4 +lq wkh vhqvh ri xqgrplqdwhg,
dowhuqdwlyhv duh fkrvhq1
Vx}xpxud +4<;6/ s14<, lv udwkhu xqxvxdo dprqj hfrqrplvwv lq dffhswlqj wklv dv wkh edvlf frqwhqw ri wkh
frqfhsw ri udwlrqdolw|= 3fkrlfh ehkdylru lv udwlrqdo li lw lv pdgh lq dffrugdqfh zlwk wkh rswlpl}dwlrq ri vrph
suhihuhqfh uhodwlrq/ luuhvshfwlyh ri zkhwkhu ru qrw wklv xqghuo|lqj suhihuhqfh uhodwlrq lv wudqvlwlyh14 Qrwh
wkdw zkhuhdv Ureelqv r>huv sxusrvlyhqhvv dv d qhfhvvdu| frqglwlrq iru udwlrqdolw|/ Vx}xpxud vxjjhvwv wklv
lv vx!flhqw148 Zh zloo uhwxuq wr wklv ehorz1
Sxusrvlyhqhvv lv d wkhruhwlfdo olqn ehwzhhq ehkdylru dqg suhihuhqfhv1 Iru h{dpsoh/ zkhq dssolhg wr
Pduvkdooldq ghpdqg lw lpsolhv wkdw wkh frqvxphu sxufkdvhv lq wkh pdunhw d prvw suhihuuhg frqvxpswlrq
exqgoh149 Zh zloo fdswxuh wkh lghd ri suhihuhqfh0edvhg fkrlfh e| gh?qlqj wzr frqwh{w ghshqghqw 3uhyhdohg4
suhihuhqfh uhodwlrqv dv iroorzv14:
Gh?qlwlrq ; +Frqwh{w Ghshqghqw Uhyhdohg Suhihuhqfh, Dowhuqdwlyh { lv uhyhdohg vwulfwo| suhihuuhg
wr dowhuqdwlyh | lq fkrlfh vlwxdwlrq iD>hj l> { lv fkrvhq dqg | lv uhmhfwhg1 Dowhuqdwlyh { lv uhyhdohg lqgl>huhqw
wr dowhuqdwlyh | lq fkrlfh vlwxdwlrq iD>hj l> { lv fkrvhq dqg | lv fkrvhq1




F iru wkhvh wzr frqfhswv/ zkhuh
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Vxssrvh zh dwwhpsw wr lqwhusuhw suhihuhqfh dv +frqwh{w ghshqghqw, uhyhdohg suhihuhqfh1 Wkhq rxu wkuhh
frqglwlrqv ri vdqlw| iroorz gluhfwo| iurp wkh h{lvwhqfh ri d fkrlfh ixqfwlrq1 Lq wklv vhqvh/ wkh frqglwlrqv ri
vdqlw| duh suhfrqglwlrqv wr wkh frqfhsw ri suhihuhqwldo fkrlfh1 Wkh lpsruwdqw wklqj iru rxu sxusrvhv lv wkdw
qr dgglwlrqdo vwuxfwxuh lv lpsrvhg xsrq d fkrlfh ixqfwlrq e| dvvxplqj erwk wkdw fkrlfh lv suhihuhqwldo dqg
wkdw wkhvh wkuhh 3frqglwlrqv ri vdqlw|4 krog1
Wkhuh lv d vxewohu edfnjurxqg txhvwlrq wkdw fdq eh udlvhg/ krzhyhu1 Kdyh zh lpsrvhg dq| vwuxfwxuh rq
rxu xqghuvwdqglqj ri suhihuhqfh e| wkh dgrswlrq ri devwudfw fkrlfh wkhru|B Wkh dqvzhu lv fohduo| |hv= wkh
dvvxpswlrq wkdw d fkrlfh ixqfwlrq h{lvwv uxohv rxw fhuwdlq uhsuhvhqwdwlrqv ri suhihuhqfhv xqghu wkh vwdqgdug
xqghuvwdqglqj ri suhihuhqfh0edvhg fkrlfh1
48Vx}xpxud +4<;6/ s154, uhwuhdwv vrphzkdw e| lqwurgxflqj wkh qrwlrq ri 3ixoo udwlrqdo4 fkrlfh ixqfwlrqv/ zklfk kdyh wudqvlwlyh
elqdu| uhsuhvhqwdwlrqv1 Kh grhv qrw glvfxvv wkh vhpdqwlf vxjjhvwlrq wkdw wklv txdol?hv klv suhylrxv fkdudfwhul}dwlrq ri 3udwlrqdo4
fkrlfh ehkdylru1
49Qrwh wkdw plvvshfl?fdwlrq ri wkh grpdlq fdq vwloo d>hfw lqihuhqfh1 Iru h{dpsoh/ lqglylvleoh jrrgv/ txdqwlw| glvfrxqwv/ dqg
pdunhw srzhu duh qrw dfnqrzohgjhg lq wkh frpshwlwlyh prgho1
4:Wkhuh duh pdq| uhyhdohg suhihuhqfh frqfhswv lq wkh olwhudwxuh1 Vhh Vhq +4<:4, iru d glvfxvvlrq1 Zh zloo zrun zlwk zkdw/
krshixoo|/ lv wkh prvw reylrxv phdqlqj ri cfkrlfh uhyhdov suhihuhqfh*1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 43
Wr h{soruh wklv d elw/ ohw a U
D>h
F eh wkh xqlrq ri frqwh{w ghshqghqw uhyhdohg vwulfw suhihuhqfh dqg frqwh{w
ghshqghqw uhyhdohg lqgl>huhqfh/ zklfk zh zloo fdoo frqwh{w ghshqghqw uhyhdohg zhdn suhihuhqfh lq iD>hj14;
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Qrwh wkdw e| frqvwuxfwlrq fkrlfh fdq eh uhsuhvhqwhg e| frqwh{w ghshqghqw uhyhdohg zhdn suhihuhqfh1 Wkdw
lv/
F+D>h,@i{ 5 Dm{a U
D>h
F | ;| 5 Dj +7,
Wklv vxjjhvwv wkdw zh pljkw wdnh vhulrxvo| wkh qrwlrq wkdw fkrlfh lv ghwhuplqhg e| pd{lpl}lqj d sdlu0zlvh
udqnlqj ri dowhuqdwlyhv/ uhsuhvhqwhg e| UD>h1 Krzhyhu/ xqghu wklv lqwhusuhwdwlrq ri suhihuhqfh0edvhg fkrlfh/
wkh h{lvwhqfh ri d fkrlfh ixqfwlrq lpsolhv suhihuhqfhv duh qhyhu uhsuhvhqwhg e| elqdu| uhodwlrqv wkdw fdqqrw eh
pd{lpl}hg rq D +gxh wr/ h1j1/ lqfrpsohwhqhvv ru gxh wr d f|foh lq wkh dv|pphwulf vxeuhodwlrq,1 Qhyhuwkhohvv/
jlyhq wkh h{lvwhqfh ri d fkrlfh ixqfwlrq/ zh dozd|v kdyh dffhvv wr vxfk d +frqwh{w ghshqghqw$, elqdu|
uhsuhvhqwdwlrq1
7 Zhdno| Frqwh{w Lqghshqghqw Fkrlfh
Suhihuhqfhv duh vhhq e| hfrqrplvwv dv h{rjhqrxv wr wkh fkrlfh vlwxdwlrq/ vr wkdw suhihuhqfhv lpsolhg lq rqh
fkrlfh vlwxdwlrq zloo qrw eh frqwudglfwhg lq rwkhu fkrlfh vlwxdwlrqv14< Jlyhq wklv shuvlvwhqfh ri suhihuhqfh
dfurvv fkrlfh vlwxdwlrqv/ udwlrqdolw| srvwxodwhv duh wkhq r>huhg dv d uhvwulfwlrq rq suhihuhqfhv1
Zh fdq glvwlqjxlvk vhyhudo nlqgv ri vhohfwlrq surfhgxuhv1 Iru h{dpsoh/ jlyhq d vhw ri dowhuqdwlyhv D/d e 0
vroxwh vhohfwlrq surfhgxuhv hydoxdwh hdfk dowhuqdwlyh zlwkrxw uhihuhqfh wr rwkhu hohphqwv ri D +lq frqvxphu
wkhru|/ d xwlolw| ixqfwlrq,/ lq frqwudvw wr uhodwlyh vhohfwlrq surfhgxuhv/ zklfk surylgh udqnlqjv uhodwlyh wr
rwkhu hohphqwv ri D +lq frqvxphu wkhru|/ d suhihuhqfh rughulqj,1 Xqlglphqvlrqdo vhohfwlrq surfhgxuhv duh
surfhgxuhv wkdw dozd|v lpso| d udqnlqj ri dq| wzr hydoxdwhg dowhuqdwlyhv lq d fkrlfh vlwxdwlrq/ zkloh pxowl0
glphqvlrqdo vhohfwlrq surfhgxuhv duh surfhgxuhv wkdw fdq udqn hydoxdwhg dowhuqdwlyhv e| lqglylgxdo fulwhuld
exw gr qrw jxdudqwhh d uhvroxwlrq ri glvsdudwh udqnlqjv +rq gl>huhqw fulwhuld, lqwr d udqnlqj ri dowhuqdwlyhv1
Zhdno| frqwh{w lqghshqghqw vhohfwlrq surfhgxuhv uhvsrqg rqo| wr wkh vhw ri dydlodeoh dowhuqdwlyhv/ zkloh frq0
wh{w ghshqghqw vhohfwlrq surfhgxuhv ghshqg rq rwkhu dvshfwv ri wkh fkrlfh vlwxdwlrq +wkh hqylurqphqw,1 Zh
txdoli| wkh frqwh{w lqghshqghqfh dv 3zhdn4 lq wkdw zh kdyh qrw uxohg rxw vhohfwlrq surfhgxuhv wkdw ghshqg
gluhfwo| rq wkh phqx1 Wkdw lv/ wkh phqx fdq vwloo surylgh d frqwh{w iru fkrlfh1 +Vhh vhfwlrq 81,
Frqvlghu dq| wkhru| wkdw suhglfwv wkdw dq dfwlrq d 5 D zloo eh fkrvhq lq d jlyhq fkrlfh vlwxdwlrq/ zklfk
lv fkdudfwhul}hg e| wkh frqwh{w h 5 H dqg wkh ihdvleoh phqx D+h, 5D 1 Khuh wkh qrwdwlrq D+h, lqglfdwhv
wkdw wkh vhw ri ihdvleoh dowhuqdwlyhv jhqhudoo| ghshqgv rq wkh frqwh{w1 +Iru h{dpsoh/ d frqvxphu*v exgjhw vhw
ghshqgv rq khu sulfhv dqg lqfrph1, Wkh qhrfodvvlfdo sdudgljp uhtxluhv wkdw wkh sduwlfxodu fkrlfhv dvvrfldwhg
zlwk hohphqwv ri D￿H kdyh wkuhh surshuwlhv= frqwh{w lqghshqghqfh/ phqx lqghshqghqfh/ dqg wudqvlwlylw|1
Wkhvh wkuhh surshuwlhv duh qhfhvvdu| iru fkrlfh wr eh fkdudfwhul}hg dv wkh uhvxow ri pd{lpl}lqj d xwlolw|
ixqfwlrq X+d,1
Phqx lqghshqghqfh dqg wudqvlwlylw| duh glvfxvvhg ehorz1 Zhdn frqwh{w lqghshqghqfh phdqv wkdw frqgl0
wlrqlqj rq wkh fkrlfh frqwh{w lv luuhohydqw iru wkh fkdudfwhul}dwlrq ri fkrlfh1
Gh?qlwlrq < +Zhdno| Frqwh{w Lqghshqghqw Fkrlfh, D fkrlfh ixqfwlrq F+D>h, lv fdoohg frqwh{w lq0
ghshqghqw li zh fdq ?q gdi x q f w l r qF+D, vxfk wkdw F+D,@F+D>h, iru doo +D>h, 5G 1
Wklv pd| eh ehfdxvh frqwh{w vlpso| grhv qrw pdwwhu/ ru lw pd| eh wkdw fkrlfh ixqfwlrq lv uhvwulfwhg wr d
grpdlq zkhuh wkh frqwh{w grhv qrw ydu|1 +Iru h{dpsoh/ zh pd| ylhz frpshwlwlyh pdunhwv dv surylglqj d
frqwh{w lq zklfk frqvxpswlrq fkrlfhv duh pdgh1, Lq d zhdno| frqwh{w lqghshqghqw fkdudfwhul}dwlrq ri fkrlfh/
yduldwlrqv lq h pd| pdwwhu rqo| e| d>hfwlqj D/ qrw gluhfwo|1 Li zh pxvw frqwuro iru wkh frqwh{w/ zh pljkw
4;Htxlydohqwo|/ ￿ -
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4<Wklv uhvwulfwlrq lv vhogrp duwlfxodwhg/ dowkrxjk Klfnv +4<6</ s188, qrwhg wkh qhhg iru suhihuhqfhv wr eh lqghshqghqw ri
sulfhv1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 44
vwloo krsh iru d xwlolw| uhsuhvhqwdwlrq ri wkh irup X+d>h,1 +Iru h{dpsoh/ ghpdqg pd| ghshqg rq uhodwlyh
sulfhv gluhfwo| gxh wr 3frqvslfxrxv frqvxpswlrq4 h>hfwv1, Wklv zloo qrw eh khosixo li wkh vhw ri ihdvleoh
dowhuqdwlyhv pxvw eh lqfoxghg lq wkh hqylurqphqw/ dqg lw zloo eh sureohpdwlf iru wkh dssolhg hfrqrplvw li nh|
hqylurqphqwdo yduldeohv kdyh qr revhuydeoh sur{lhv1
Qrwh wkdw li suhihuhqfh0edvhg fkrlfh lv frqwh{w lqghshqghqw/ suhihuhqfh lv 3uhyhdohg4 e| phqx fkrlfhv
lqghshqghqwo| ri wkh frqwh{w ri wkh fkrlfh vlwxdwlrq1 Iru h{dpsoh/ li iD>hj dqg iD>h3j duh lq wkh grpdlq ri
wkh fkrlfh ixqfwlrq/ SD>h @ SD>h3
1 Zh fdswxuh wklv e| e| gh?qlqj
Gh?qlwlrq 43 +Frqwh{w Lqghshqghqw Uhyhdohg Suhihuhqfh, Dowhuqdwlyh { lv uhyhdohg vwulfwo| suhihuuhg
wr dowhuqdwlyh | lq D l> wkhuh lv vrph frqwh{w lq zklfk { lv fkrvhq iurp D zkhq | lv uhmhfwhg1 Dowhuqdwlyh {
lv uhyhdohg lqgl>huhqw wr dowhuqdwlyh | lq D l> wkhuh lv vrph frqwh{w lq zklfk erwk duh fkrvhq lq D1
Zh zloo dgrsw wkh qrwdwlrq SD
F dqg LD
F iru wkhvh wzr frqfhswv1 Wkh xqlrq ri uhyhdohg vwulfw suhihuhqfh lq D
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Qrwh wkdw zlwk frqwh{w iuhh fkrlfh zh fdq zulwh
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Wkdw lv/ wkh suhihuhqfhv wkdw duh uhyhdohg duh dovr frqwh{w lqghshqghqw1 Ixuwkhupruh/ vlqfh frqwh{w lqghshq0
ghqw fkrlfh lpsolhv wkdw SD
F dqg LD
F duh mxvw wkh dv|pphwulf dqg v|pphwulf vxeuhodwlrqv ri a U
D
F/ wkh| vdwlvi|
Qr}lfn*v wkuhh frqglwlrqv ri vdqlw| +iru dq| jlyhq phqx/ D,1
714 Dq Looxvwudwlrq= Frqvxphu Fkrlfh Xqghu Fhuwdlqw|
Uhfdoo wkdw wkh phqx/ D/ lv wkh vhw ri dowhuqdwlyhv iurp zklfk wkh frqvxphu pdnhv d vhohfwlrq1 Zh xvxdoo|
wklqn ri wkh dydlodeoh dowhuqdwlyhv dv srvvleoh dfwlrqv/ zkhuh dfwlrqv duh olqnhg fdxvdoo| wr rxwfrphv1 Lq wkh
wkhru| ri fkrlfh xqghu fhuwdlqw|/ krzhyhu/ wkh edvlf lghqwlw| ehwzhhq wkh dfwlrqv dqg wkh rxwfrphv doorzv d
vlpsol?fdwlrq= wkh dfwru lv fkdudfwhul}hg dv dsso|lqj d vhohfwlrq surfhgxuh gluhfwo| wr rxwfrphv1 Lq wklv fdvh
D lv mxvw dq h{kdxvwlyh olvw ri wkh pxwxdoo| h{foxvlyh dydlodeoh rxwfrphv1
Iru h{dpsoh lq frqvxphu wkhru| [ lv wkh frpprglw| vsdfh/ G lv wkh vhw ri frpshwlwlyh exgjhw vhwv/ dqg
F+￿, jhqhudwhv wkh ghpdqg fruuhvsrqghqfh153 Wkh frqvxphu sureohp frqvlghuhg lq wklv vhfwlrq lv vwdqgdug=
d sulfh0wdnlqj frqvxphu zlwk lqfrph z fdq sxufkdvh jrrgv dqg vhuylfhv iru nqrzq sulfhv s1Z h i r f x v r q
wkh Pduvkdooldq ghpdqg ixqfwlrq dv d uhsuhvhqwdwlrq ri wkh frqvxphu*v fkrlfh uxoh1
Wkh exgjhw fruuhvsrqghqfh E vshfl?hv wkh d>rugdeoh frqvxpswlrq exqgohv dw dq| vwulfwo| srvlwlyh sulfhv
+iru wkh N sulfh frpprglwlhv, dqg lqfrph= E = ?
N.4
.. $? N
.1 Zh uhsuhvhqw wkh frpshwlwlyh exgjhw vhwv dv
iroorzv1
E+s>z,@i{ 5? N
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Wkh exgjhw fruuhvsrqghqfh lv krprjhqhrxv ri ghjuhh }hur1 Wkdw lv/ E+￿s>￿z,@E+s>z, ;￿A31 Wklv
phdqv wkdw d sursruwlrqdo fkdqjh lq doo sulfhv grhv qrw fkdqjh wkh vhw ri dowhuqdwlyhv dydlodeoh wr wkh
frqvxphu1
Wkh frqvxphu*v fkrlfh vlwxdwlrq frqvlvwv ri d exgjhw vhw dqg dq hqylurqphqw1 Wkh frqvxphu vhohfwv
d frqvxpswlrq exqgoh iurp khu exgjhw vhw1 Jlyhq wkh vwdelolw| dvvxpswlrq zh fdq wkhq fkdudfwhul}h khu
ghpdqg ehkdylru dv F^E+s>z,>h‘1
53Zh xvxdoo| fkdudfwhul}h ￿ dv wkh fkrlfh ixqfwlrq/z k h u h￿ Gd fo < dfo1 Wkh ghpdqg fruuhvsrqghqfh/ lq frqwudvw/ lv xvxdoo|
lpsolhv d pdsslqj dfo p< f1 Wklv lv mxvw d pdwwhu ri vhpdqwlf frqyhqlhqfh1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 45
Gh?qlwlrq 44 +Pduvkdooldq Ghpdqg, Wkh Pduvkdooldq ghpdqg fruuhvsrqghqfh {+s>z, uhwxuqv wkh frq0
vxphu*v dffhswdeoh fkrlfhv iurp frpshwlwlyh exgjhw vhw dw hdfk vhw ri sulfhv dqg lqfrph1
Fohduo| wkh h{lvwhqfh ri d Pduvkdooldq ghpdqg fruuhvsrqghqfh lpsolhv dq h>hfwlyh uhvwulfwlrq ri wkh fkrlfh
frqwh{w= rqo| sulfhv dqg lqfrph9ru frqwh{w ixqfwlrqdoo| ghshqghqw rq sulfhv dqg lqfrph/ vxfk dv wkh exgjhw
vhw9fdq erwk lq xhqfh fkrlfh dqg ydu| lq wkh grpdlq ri wkh fkrlfh ixqfwlrq1 Zh fdq wkhuhiruh zulwh
{+s>z,@F^E+s>z,>f+s>z,‘ +43,
71414 Frqwh{w Lqghshqghqfh dqg Krprjhqhrxv Ghpdqg
Uhfdoo wkdw fkrlfh lv zhdno| frqwh{w lqghshqghqw li/ ryhu wkh grpdlq ri wkh fkrlfh ixqfwlrq +zklfk pd|
eh frqwh{w gholplwhg,/ lw fdq eh fkdudfwhul}hg dv ghshqglqj rqo| rq wkh dydlodeoh dowhuqdwlyhv dqg qrw rq
wkh hqylurqphqw1 Voljkwo| dexvlqj qrwdwlrq/ Pduvkdooldq ghpdqg lv frqwh{w lqghshqghqw li fkrlfhv fdq eh
fkdudfwhul}hg dv F^E+s>z,‘ udwkhu wkdq F^E+s>z,>f+s>z,‘1 Wkdw lv/ wkh frqvxphu*v ehkdylru lv ghwhuplqhg
vroho| e| wkh exgjhw vhwv1 Sulfhv dqg lqfrph pdwwhu rqo| lqvridu dv wkh| ghwhuplqh wkh exgjhw vhw1
Wkhruhp 4 +ZFL @ Krprjhqhlw|, Pduvkdooldq ghpdqg lv frqwh{w lqghshqghqw l> lw lv krprjhqhrxv ri
ghjuhh }hur lq +s>z,1
Surri= Vlqfh exgjhw vhwv duh krprjhqhrxv ri ghjuhh }hur/ lw lv fohdu wkdw frqwh{w lqghshqghqfh lv
vx!flhqw iru Pduvkdooldq ghpdqg wr eh krprjhqhrxv ri ghjuhh }hur1 Qhfhvvlw| iroorzv iurp wkh
idfw wkdw wzr exgjhw vhwv duh htxdo l> doo sulfhv dqg lqfrph fkdqjh lq wkh vdph sursruwlrq1 Vlqfh
E+s>z,@E+s3>z 3, l> s@z @ s3@z3/ d ylrodwlrq ri frqwh{w lqghshqghqfh lpsolhv d ylrodwlrq ri
krprjhqhlw|1 Wr vhh wklv/ vxssrvh <{ 5 {+s>z, exw { 95 {+s3>z 3, dowkrxjk E+s>z,@E+s3>z 3,1
Wkhq krprjhqhlw| zrxog lpso| <{ 5 {+s@z>4, vxfk wkdw { 95 {+s3@z3>4,1 Exw wklv fdqqrw eh/
vlqfh e| htxdolw| ri wkh exgjhw vhwv s@z @ s3@z31
Wkh krprjhqhlw| ri Pduvkdooldq ghpdqg lv ixqgdphqwdo wr qhrfodvvlfdo frqvxphu wkhru|1 Dw wkh vdph
wlph/ wkh frqwh{w ghshqghqfh ri lqglylgxdo fkrlfh lv zhoo grfxphqwhg154 Krz xqhdv| vkrxog wklv pdnh
xvB Shukdsv fohduhvw ghihqvh ri qhrfodvvlfdo frqvxphu wkhru| lv wr dfwxdoo| lqyrnh wkh lpsruwdqfh ri frq0
wh{w1 Qhrfodvvlfdo frqvxphu wkhru| lv ghyhorshg lq d sduwlfxodu lqvwlwxwlrqdo frqwh{w ri lpshuvrqdo fkrlfh ri
frpprglw| exqgohv lq frpshwlwlyh pdunhwv +zlwkrxw wkh lqwhushuvrqdo/ uhflsurfdo uhodwlrqvklsv ri 3fxvwrphu
pdunhwv4,1 Wklv vxjjhvwv wkdw zkloh exgjhw vwxglhv pd| r>hu dq dssursuldwh vhwwlqj iru vwxg|lqj qhrfodvvlfdo
frqvxphu wkhru|/ pdq| oderudwru| vwxglhv ri lqglylgxdo fkrlfh zloo eh luuhohydqw1 Ri frxuvh wklv mxvwl?fdwlrq
xqghufxwv wkh surmhfw ri 3hfrqrplf lpshuldolvwv4 zkr zlvk wr h{whqg qhrfodvvlfdo plfurhfrqrplf uhdvrqlqj
wr doo duhdv ri kxpdq ehkdylru1 Lq dgglwlrq lw lv dw ehvw d ghihqvh ri dq dssur{lpdwlrq/ vlqfh frqvxphu
fkrlfh lv qhyhu ixoo| ghshuvrqdol}hg1 +H1j1/ frqvxphu sxufkdvhv duh riwhq pdgh idfh wr idfh iurp uhwdlohuv/
zkr lq dgglwlrq pd| eh nqrzq wr wkh frqvxphu> idvklrq lv nqrzq wr eh lpsruwdqw lq dssduho vdohv> er|frwwv
lqyroyh vkliwv lq frqvxphu ghpdqg1, Qhyhuwkhohvv/ jlyhq wkh surmhfw lq wkh fxuuhqw sdshu ri fkdudfwhul}lqj
wkh vwuxfwxuh ri qhrfodvvlfdo frqvxphu wkhru|/ zh zloo dvvxph frqwh{w lqghshqghqw fkrlfh iurp qrz rq1
Dvvxpswlrq 9 +Frqwh{w Lqghshqghqfh, Fkrlfh ghshqgv rqo| rq wkh dydlodeoh dowhuqdwlyhv1
Wklv lv rxu ?uvw dvvxpswlrq rq wkh vwuxfwxuh ri wkh fkrlfh ixqfwlrq1 Lw lv h>hfwlyho| d grpdlq uhvwulfwlrq= zh
dvvxph wkh fkrlfh ixqfwlrq fdq eh zulwwhq dv F+D,1
8 Phqx Lqghshqghqw Fkrlfh Ixqfwlrqv
Li fkrlfh lv frqwh{w lqghshqghqw/ wkhq suhihuhqfh fdq eh uhyhdohg lq d frqwh{w lqghshqghqw zd|1 Wklv lv
douhdg| d vwurqj +dqg idovl?hg, dvvxpswlrq derxw fkrlfh/ dowkrxjk dv dujxhg deryh/ grpdlq dvvxpswlrqv duh
54Iru h{dpsoh/ Ndkqhpdq dqg Wyhuvn| +4<:</ 4<;7, ?qg wkdw iudplqj pdwwhuv iru fkrlfh1 Hpslulfdoo|/ kxpdqv riwhq uhvsrqg
wr ghyldwlrqv iurp d uhihuhqfh ohyho udwkhu wkdq wr wkh devroxwh fkdudfwhulvwlfv ri wkh vlwxdwlrq +Udelq 4<<;> Khovrq 4<97,1
Uhodwhg wr wklv/ Wyhuvn| dqg Ndkqhpdq +4<<4, vkrz wkh ghshqghqfh ri fkrlfh rq lqlwldo hqgrzphqw1 Lqvwlwxwlrqv fdq dovr
surylgh frqwh{w/ dv Erzohv +4<<;, glvfxvvhv lq wkh frqwh{w ri suhihuhqfh hqgrjhqhlw|1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 46
fuxfldo wr lwv lqwhusuhwdwlrq1 Qhyhuwkhohvv/ qhrfodvvlfdo frqvxphu wkhru| lqvlvwv xsrq frqvlghudeoh dgglwlrqdo
vwuxfwxuh1 Zh zloo uhihu wr wkdw vwuxfwxuh dv phqx lqghshqghqw udqnlqj1
Hylghqwo| fkrlfh lwvhoi fdqqrw eh phqx lqghshqghqw1 Wkh frqfhsw ri phqx lqghshqghqfh fdq dssolhg
wr d vhohfwlrq surfhgxuh/ exw qrw wr fkrlfh1 Wkh lghd ri d phqx lqghshqghqw vhohfwlrq surfhgxuh r>huv wkh
zhdnhvw frqfhsw ri phqx lqghshqghqw fkrlfh1
Gh?qlwlrq 45 +Zhdn Phqx Lqghshqghqfh, D fkrlfh ixqfwlrq lv zhdno| phqx lqghshqghqw li lw fdq eh
fkdudfwhul}hg e| dq dojrulwkp wkdw lv qrw frqglwlrqdo rq fkdudfwhulvwlfv ri wkh vshfl?ff k r l f hp h q x 1
Fkdudfwhulvwlfv ri wkh fkrlfh phqx lqfoxgh vxfk wklqjv dv wkh qxpehu ri dowhuqdwlyhv lq wkh phqx ru d olvw
ri vshfl?f dowhuqdwlyhv lq wkh phqx1 Wkh frqfhsw lv urxjko| wkdw wkh vhohfwlrq surfhgxuh surfhhgv lq wkh
vdph zd| lq uhjdugohvv ri wkh vshfl?f fkdudfwhulvwlfv ri wkh fkrlfh phqx1 Zhdn phqx lqghshqghqfh wkxv
vhhpv fdswxuh wkh yhu| frqfhsw ri kdylqj d vhohfwlrq surfhgxuh= phqx ghshqghqfh ri wkh fkrlfh ixqfwlrq lv
irupdoo| htxlydohqw wr kdylqj pdq| vhohfwlrq surfhgxuhv/ rqh iru hdfk phqx1
Khuh duh wkuhh h{dpsohv ri zhdno| phqx lqghshqghqw fkrlfh ixqfwlrqv= plqlpl}h wkh pd{lpxp uhjuhw
iurp wkh fkrvhq dfwlrq> edvhg rq d phqx lqghshqghqw udqnlqj ri dowhuqdwlyhv/ fkrrvh wkh dowhuqdwlyhv zlwk
wkh kljkhvw udqn> edvhg rq d phqx lqghshqghqw udqnlqj ri dowhuqdwlyhv/ fkrrvh wkh dowhuqdwlyhv zlwk wkh
vhfrqg kljkhvw udqn1 Qhrfodvvlfdo frqvxphu wkhru| lpsrvhv wkh vhfrqg ri wkhvh surfhgxuhv/ wkhuhe| uxolqj
rxw wkh rwkhu wzr1
814 Uhyhdohg Suhihuhqfh
Qhrfodvvlfdo frqvxphu wkhru| lv d wkhru| ri suhihuhqfh0edvhg fkrlfh1 Lw dvvxphv wkdw suhihuhqfhv duh qrw rqo|
frqwh{w lqghshqghqw/ wkh| duh dovr phqx lqghshqghqw1 Dowkrxjk rqh hqfrxqwhuv dujxphqwv wkdw wkh wkhru|
sursrvhv rqo| wkdw wkh frqvxphu ehkdyhv dv li khu fkrlfhv zhuh suhihuhqfh edvhg/ wklv lv txlwh plvohdglqj1
Wkh fodlp fdswxuhv wkh wuxwk wkdw hpslulfdoo| zh fdq rqo| whvw iru dq dv li frpsdwlelolw| ehwzhhq rxu wkhru|
ri suhihuhqfh edvhg fkrlfh dqg dfwxdo frqvxphu ehkdylru1 Exw wklv vkrxog qrw revfxuh wkh srlqw wkdw wkh
rqo| uhdvrq zh kdyh iru suhglfwlqj wkdw fkrlfhv zloo glvsod| fhuwdlq vwuxfwxuhv lv rxu wkhru| wkdw fkrlfh lv lq
idfw suhihuhqfh0edvhg1 +Zkdw rwkhu uhdvrq pljkw zh r>hu iru eholhylqj wkdw wkh frqvxphu zloo ehkdyh 3dv li4
khu fkrlfhv zhuh suhihuhqfh0edvhgB, Wkh frqfhsw ri suhihuhqfh lv wkhuhiruh 3sulplwlyh4 lq qhrfodvvlfdo wkhru|/
dqg zh fdqqrw xqsdfn wkh lpsolfdwlrqv ri phqx0lqghshqghqw suhihuhqfh lqghshqghqwo| ri dq h{solflw frqfhsw
ri suhihuhqfh1
Lq dgglwlrq wr dvvxplqj fkrlfh lv suhihuhqfh0edvhg/ qhrfodvvlfdo wkhru| dvvxphv wkdw fkrlfhv uhyhdo suhi0
huhqfhv1 Wkh dssolhg hfrqrplvw dvvxphv wkdw lq dq| jlyhq fkrlfh vlwxdwlrq wkh frqvxphu*v vhohfwlrq lv rqh
ri khu 3ehvw4 dowhuqdwlyhv1
Frqvlghu wkuhh srvvleoh +urxjko| vwdwhg, dssurdfkhv wr wkh lghd ri d 3phqx lqghshqghqw suhihuhqfh41
￿ Fkrlfh fdq eh fkdudfwhul}hg e| d phqx lqghshqghqw elqdu| uhodwlrq1
￿ Suhihuhqfhv 3uhyhdohg4 lq dq| jlyhq fkrlfh vlwxdwlrq duh qhyhu uhyhuvhg lq dq| rwkhu fkrlfh vlwxdwlrq1
￿ Suhihuhqfhv 3uhyhdohg4 lq dq| idplo| ri fkrlfh vlwxdwlrqv duh qhyhu uhyhuvhg lq dq| rwkhu fkrlfh vlwxdwlrq1
Vhq +4<<:, sursrvhv wkh ?uvw ri wkhvh/ zklfk zh zloo fdoo elqdulqhvv/ dv d fkdudfwhul}dwlrq ri phqx
lqghshqghqfh lq wkh fkrlfh ixqfwlrq1 Exw dv zh kdyh vhhq/ fkrlfh ixqfwlrqv duh uhdvrqdeo| frqvlghuhg phqx
lqghshqghqw xqghu pxfk zhdnhu frqglwlrqv1 Frpsdulvrq zlwk wkh vhfrqg dqg wklug vxjjhvw wkdw elqdulqhvv
lv lq wxuq wrr zhdn wr eh wdnhq vhulrxvo| dv d fkdudfwhul}dwlrq ri wkh phqx lqghshqghqfh ri suhihuhqfh1Z h
zloo fdoo wkh vhfrqg ri wkhvh wkh zhdn d{lrp ri uhyhdohg suhihuhqfh +ZDUS,1 Zh zloo fdoo wkh wklug ri wkhvh
Krxwkdnnhu*v d{lrp ri uhyhdohg suhihuhqfh +KDUS,1 Lv wkh ghflvlrq dprqj wkhvh +dqg rwkhu srvvleoh, rswlrqv
dv uhsuhvhqwlqj wkh skudvh 3phqx lqghshqghqw suhihuhqfh4 phuho| d pdwwhu ri vhpdqwlfvB Ehiruh dgguhvvlqj
wkdw txhvwlrq/ frqvlghu d sureohp idfhg e| doo wkuhh1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 47
81414 Phqx Lqghshqghqw Suhihuhqfh
Lv phqx lqghshqghqw suhihuhqfh d uhdvrqdeoh d{lrp ri fkrlfhB Hfrqrplvwv kdyh jhqhudoo| wuhdwhg wklv phqx
lqghshqghqfh dv d udwlrqdolw| uhtxluhphqw1 Wklv zrxog pdnh lw dq d{lrp ri udwlrqdo fkrlfh/ udwkhu wkdq ri
fkrlfh lq jhqhudo1 Exw hyhq wklv vwdwxv lv txlwh gxelrxv1
Prvw reylrxvo|/ lqirupdwlrq derxw wkh qdwxuh ri wkh dowhuqdwlyhv pd| eh uhyhdohg e| phqx fkdqjhv1
Frqvlghu dq h{dpsohv gxh lq lwv hvvhqwldov wr Wxoorfn +4<97,1 Wkh fkrlfh0vsdfh frqvlvwlqj ri wkuhh vkdghv ri
wxutxrlvh sdlqw= j4>j 5>j 61 Wkh remhfw lv wr fkrrvh wkh eoxhvw vkdgh iru d urrp sdlqwlqj surmhfw1 Frqvlghu wkh
iroorzlqj fkrlfhv1 +Iru uhdgdelolw|/ vhw eudfhv duh gursshg dqg qr qrwh lv pdgh ri wkh uhyhdohg lqgl>huhqfh
ri d fkrvhq hohphqw wr lwvhoi1,
H{dpsoh 5 +Lpshuihfw Glvfulplqdwlrq,
DF +D, Uhyhodwlrq FV+D>UF,
j4>j 5>j 6 j6 j6 SF j4/j6 SF j5 j5>j 6
j4>j 5 j4>j 5 j4 LF j5 j4
j5>j 6 j5>j 6 j5 LF j6 j5
j4>j 6 j6 j6 SF j4 j6
Zk| grhv wkh frqvxphu fkrrvh rqo| j6 iurp ij4>j 5>j 6j exw dovr fkrrvhv j5 iurp ij5>j 6jB Wkh dqvzhu lv
vlpsoh= wkh vkdghv duh forvh hqrxjk wrjhwkhu wkdw lq d sdlu0zlvh frpsdulvrq wkh frqvxphu fdqqrw whoo j4
iurp j5 ru j5 iurp j61 Exw zlwk doo wkuhh vkdghv lq wkh phqx/ wkh frqvxphu fdq ghgxfh9iurp khu rzq
nqrzohgjh ri khu olplwv wr glvfulplqdwlrq9wkdw j5 idoov ehwzhhq wkh rwkhu wzr1 Wkxv phqx lqghshqghqw
suhihuhqfh lpsolhv wkdw wkh phqx grhv qrw uhyhdo lqirupdwlrq derxw wkh dowhuqdwlyhv1
Dvvxpswlrq : +Qrqlqirupdwlyh Phqxv, Wkh phqx |lhogv qr lqirupdwlrq derxw wkh dowhuqdwlyhv rwkhu
wkdq wkhlu +pxwxdoo|0h{foxvlyh, dydlodelolw|1
Hyhq zlwkrxw vxfk h>hfwv/ krzhyhu/ dssduhqwo| sodxvleoh ghvfulswlrqv ri udwlrqdo fkrlfh ehkdylru fdq
frq lfw zlwk phqx lqghshqghqfh +Vxjghq 4<;8,1 Wkh fodvvlf looxvwudwlrq lqyroyhv wkh plqlpd{ uxoh/ dqg
iroorzlqj h{dpsoh lv gudzq iurp PfFohqqhq +4<<3/ ss15985:,1 Frqvlghu d frqvxphu idfhg zlwk wkuhh jdpeohv/
j4>j 5>j 6/ ryhu wkuhh vwdwhv ri wkh zruog/ H4>H 5>H 61 Wkhuh lv d vwdwh0ghshqghqw rxwfrph +sd|r>,i r uh d f k
jdpeoh1 Iru hdfk jdpeoh/ wkh frqvxphu fdofxodwhv khu uhjuhw iru hdfk vwdwh ri wkh zruog dv wkh gl>huhqfh
ehwzhhq wkh rxwfrph ri khu jdpeoh dqg wkh ehvw rxwfrph +lq wkdw vwdwh,1 Dv wkh wzr wdeohv vkrz/ li wkh
frqvxphu plqlpl}hv khu pd{lpxp uhjuhw/ khu fkrlfhv zloo eh phqx ghshqghqw= F+ij4>j 5>j 6j,@ij6j/e x w
F+ij5>j 6j,@ij5j1 Dowkrxjk wkh plqlpd{ uxoh frpsohwho| rughuv wkh dowhuqdwlyhv lq d jlyhq phqx/ wkh
rughulqj ri dowhuqdwlyhv lv qrw phqx lqghshqghqw1
H{dpsoh 6 +Plqlpd{ yv1 PL,
Rxwfrphv Uhjuhw Pd{lpxp Uhjuhw
jdpeohqvwdwh H4 H5 H6 H4 H5 H6 +dfurvv vwdwhv,
j4 4 3 8438< <
j5 3 43 7 43 3 9 43
j6 85 4 3 8;3 ;
Rxwfrphv Uhjuhw Pd{lpxp Uhjuhw
jdpeohqvwdwh H4 H5 H6 H4 H5 H6 +dfurvv vwdwhv,
j5 34 374 33 9 9
j6 85 4 3 8;3 ;Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 48
Wkh sureohp olhv lv wkh +plvvlqj, olqn ehwzhhq rxwfrphv dqg dowhuqdwlyhv1 Li wkh phqxv ri jdpeohv lv
uhsodfhg zlwk phqxv ri uhjuhwv/ wkhuh lv qr uhrughulqj ri dowhuqdwlyhv dv wkh phqx fkdqjhv1 Dq| olqn ehwzhhq
suhihuhqfhv dqg dowhuqdwlyhv ghulyhv iurp wkh olqn ehwzhhq dowhuqdwlyhv dqg rxwfrphv1 Iru fkrlfhv dprqj
dowhuqdwlyhv wr uhyhdo suhihuhqfh/ wkhuhiruh/ zh pxvw dvvxph d phqx lqghshqghqw olqn ehwzhhq dowhuqdwlyhv
dqg rxwfrphv1
Dvvxpswlrq ; +Phqx Lqghshqghqw Rxwfrphv, Wkh rxwfrph+v, fdxvhg e| wkh vhohfwlrq ri dq dowhuqd0
wlyh lv lqghshqghqw ri wkh phqx iurp zklfk wkh dowhuqdwlyh lv vhohfwhg1
Iru wkh dssolhg hfrqrplvw/ xqghuvwdqglqj wklv uhtxluhphqw fdq d>hfw wkh fkdudfwhul}dwlrq ri wkh fkrlfh vsdfh1
Exw lw fdq dovr udlvh gl!fxowlhv ri revhuydelolw|/ vlqfh suhihuhqfhv ryhu dfwlrqv duh qdwxudoo| ghulyhg iurp
suhihuhqfhv ryhu dqwlflsdwhg rxwfrphv1 Gl!fxowlhv dulvh zkhqhyhu dq rughulqj ri dqwlflsdwhg rxwfrphv grhv
qrw lpso| d phqx0lqghshqghqw rughulqj ri dfwlrqv1
815 Phqx Lqghshqghqw Uhyhdohg Suhihuhqfh
Wklv vhfwlrq ghyhorsv wkh qrwlrq ri phqx lqghshqghqw uhyhdohg suhihuhqfh dv phdqlqj wkdw suhihuhqfhv
uhyhdohg lq dq| jlyhq fkrlfh vlwxdwlrq duh dvvxphg qhyhu wr eh uhyhuvhg lq dq| rwkhu fkrlfh vlwxdwlrq155
Zh ehjlq e| gh?qlqj wkh phqx lqghshqghqw uhyhdohg suhihuhqfh uhodwlrqv SF dqg LF1
{S F | /< {>|>D>h vxfk wkdw { 5 F+D>h,)| 5 D@F+D>h, +44,
{L F | /< {>|>D>h vxfk wkdw { 5 F+D>h,)| 5 F+D>h, +45,
Zh uhdg {S F | dv 3{ lv uhyhdohg vwulfwo| suhihuuhg wr |41Z hu h d g{L F | dv 3{ lv uhyhdohg lqgl>huhqw wr |41
Lq erwk fdvhv zh pdnh qr uhihuhqfh wr wkh frqwh{w ru wkh phqx1 Zh dovr gh?qh wkh uhyhdohg zhdn suhihuhqfh
uhodwlrq dv wkh xqlrq ri uhyhdohg vwulfw suhihuhqfh dqg uhyhdohg lqgl>huhqfh156
{a UF| /< {>|>D>h vxfk wkdw { 5 F+D>h,)| 5 D +46,
Zh uhdg {a UF| dv 3{ lv uhyhdohg zhdno| suhihuuhg wr |41
Zh gh?qh phqx lqghshqghqw fkrlfh lq whupv ri wkh zhdn d{lrp ri uhyhdohg suhihuhqfh +ZDUS,1
Gh?qlwlrq 46 +ZDUS, Df k r l f hi x q f w l r qF+D>h, vdwlv?hv wkh zhdn d{lrp ri uhyhdohg suhihuhqfh l>
{a UF| @,= |S F {1
Gh?qlwlrq 47 +Phqx Lqghshqghqw Fkrlfh, D fkrlfh ixqfwlrq F+D>h, lv phqx lqghshqghqw l> lw vdw0
lv?hv ZDUS1
Vdwlvidfwlrq ri ZDUS phdqv wkdw zkhqhyhu { lv uhyhdohg zhdno| suhihuuhg wr | wkhq lw lv qrw wkh fdvh wkdw
| lv uhyhdohg vwulfwo| suhihuuhg wr { +dqg ylfh yhuvd,1 Qrwh wkdw phqx lqghshqghqfh lpsolhv wkdw wkh fkrlfh
ixqfwlrq fdq eh uhsuhvhqwhg e| zhdn uhyhdohg suhihuhqfh1 Wkdw F+D, º FV+D>UF, lv lpphgldwh/ iurp
wkh gh?qlwlrq ri UF1 Wr vkrz wkdw F+D>UF, º FV+D,/v x s s r v hz hf r x o g?qg { 5 F+D>UF,/ vr wkdw
{a UF| ;| 5 D/ exw { 95 F+D,/ vr wkdw <| 5 D vxfk wkdw |S F {1 Wkhq iru vrph | 5 D zh zrxog kdyh {a UF|
dqg |S F {/ zklfk ylrodwhv phqx lqghshqghqfh1
ZDUS lpsolhv d qlfh uhodwlrqvkls wr wkh frqglwlrqv ri vdqlw|/ exw wklv wlph lw wdnhv d olwwoh zrun wr vkrz
lw1
Wkhruhp 5 D fkrlfh ixqfwlrq F+D>h, lv phqx lqghshqghqw l> uhyhdohg vwulfw suhihuhqfh dqg uhyhdohg zhdn
suhihuhqfh vdwlvi| Qr}lfn*v wkuhh frqglwlrqv ri vdqlw|1
55Qrwh wkdw iru frpsdfwqhvv ri wkh suhvhqwdwlrq/ zh duh ljqrulqj wkh lpsruwdqw fdvh zkhuh fkrlfh ghshqgv rq wkh fkrlfh
frqwh{w exw qrw rq wkh phqx +lq wkh vhqvh gh?qhg lq wkh suhvhqw vhfwlrq,1 Krzhyhu wkh frqvlghudwlrqv iru wkdw fdvh duh suhflvho|
w k hv d p hd vw k r v hu d l v h gl qw k hs u h v h q wv h f w l r q 1
56L wl vl p s r u w d q ww rq r w hw k d wu h y h d o h gv w u l f ws u h i h u h q f hd q gu h y h d o h gl q g l >huhqfh duh qrw jhqhudoo| wkh dv|pphwulf dqg
v|pphwulf vxeuhodwlrqv ri uhyhdohg zhdn suhihuhqfh1 Wkh uhdvrqv iru wklv xvdjh zloo ehfrph fohduhu odwhu lq rxu glvfxvvlrq/ exw
iru qrz qrwh wkdw wkh dv|pphwulf dqg v|pphwulf vxeuhodwlrqv ri -￿ zrxog vdwlvi| wkh frqglwlrqv ri vdqlw| e| gh?qlwlrq1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 49
Surri=
Iurp wkh gh?qlwlrq ri a UF/ {a UF| @, hlwkhu {S F | ru {L F | +ru srvvleo| erwk,1 Qrwh
{S F | @,= |S F {1 lv d vdqlw| frqglwlrq1 Ixuwkhu {L F | @, |L F { lv d vdqlw| frqglwlrq/
lpso|lqj e| wkh odvw vdqlw| frqglwlrq wkdw =|S F {1 Wkhuhiruh zh nqrz iurp wkh frqglwlrqv ri
vdqlw| wkdw {a UF| @,= |S F {1
Qrz vxssrvh {a UF| @,= |S F {1 Lw iroorzv lpphgldwho| wkdw {S F | @,= |S F {/ |lhoglqj wkh
dv|pphwu| ri vwulfw suhihuhqfh1 V|pphwu| ri uhyhdohg lqgl>huhqfh iroorzv iurp wkh gh?qlwlrq ri
LF1 Xvlqj wkdw v|pphwu| dqg wkh gh?qlwlrq ri a UF zh nqrz {L F | @, |L F { @, |a UF{/d q g
vlqfh phqx lqghshqghqfh vwdwhv wkdw |a UF{ @,= {SF|/ phqx lqghshqghqfh lpsolhv glvmrlqwqhvv
+{L F | @,= {S F |,1
Krz wkhq gr zh lqwhusuhw d ylrodwlrq ri ZDUS/ nqrzlqj wkdw lw lpsolhv d ylrodwlrq ri wkh vdqlw| frq0
glwlrqvB Zh frxog vd| wkh frqvxphu lv lqvdqh1 Ru zh frxog vd| wkh frqvxphu*v suhihuhqfhv kdyh fkdqjhv/
hlwkhu ehfdxvh ri phqx ghshqghqfh ru frqwh{w ghshqghqfh1 Wkh odwwhu dowhuqdwlyh lv fohduo| suhihudeoh/ exw lw
udlvhv lwv rzq gl!fxowlhv= zh fdqqrw uho| rq fkrlfh wr uhyhdo suhihuhqfh dqg wr uhyhdo fkdqjhv lq suhihuhqfhv
+Urelqvrq 4<95/ s183>Klfnv 4<:7>Zrqj 4<:;,1
Xqghu wklv lqwhusuhwdwlrq/ wkh frqglwlrqv ri vdqlw| lpsrvh frqvlghudeoh vwuxfwxuh1 Qrz wkh wkuhh frqgl0
wlrqv ri vdqlw| lpso| wkdw li { lv hyhu fkrvhq ryhu |/ | lv qhyhu fkrvhq zlwk ru lqvwhdg ri { lq dq| fkrlfh
vlwxdwlrq1 +Vr/ iru h{dpsoh/ li d suhihuhqfh lv 3uhyhdohg4 e| fkrlfh ryhu d sdlu ri dowhuqdwlyhv/ lw lv qhyhu
uhyhuvhg lq odujhu vhwv ri dowhuqdwlyhv1, Xqiruwxqdwho| wklv vwuxfwxuh lv vr vxevwdqwlyh wkdw lw lv idu iurp
reylrxv1 Iru h{dpsoh/ lw dvvxphv wkdw suhihuhqfhv duh qrw fkdqjlqj ryhu wkh grpdlq ri wkh fkrlfh ixqfwlrq1
Zkloh wklv vwuxfwxuh lv yhu| vwurqj/ hfrqrplvwv kdyh frpsohwho| dffhswhg lw1 W|slfdoo| fkrlfh glvsod|lqj
vxfk vwuxfwxuh lv mxvwl?hg dv 3udwlrqdo41 Qrwh krz wkh htxlyodqfh ri ZDUS dqg wkh vdqlw| frqglwlrqv fdoov
wklv lqwr txhvwlrq/ krzhyhu1 Zh uhtxluh qr 3udwlrqdolw| d{lrp4 wr mxvwli| ZDUS1 Udwkhu/ zkdw zh uhtxluh
lv wkdw phqx lqghshqghqw suhihuhqfhv eh uhyhdohg lq fkrlfhv1 Qhlwkhu phqx lqghshqghqfh qru uhyhodwlrq duh
qdwxudo udwlrqdolw| uhvwulfwlrqv1
816 Zhdn D{lrp ri Uhyhdohg Suhihuhqfh iru Pduvkdooldq Ghpdqg
Rqfh djdlq zh uhwxuq wr qhrfodvvlfdo frqvxphu wkhru|1 Zh zrun zlwk wkh Pduvkdooldq ghpdqg fruuhvsrq0
ghqfh/ dv lqwurgxfhg lq vhfwlrq 714= {+s>z, uhsuhvhqwv wkh frqvxphu*v fkrlfhv iurp wkh frpshwlwlyh exgjhw
vhw ghwhuplqhg e| sulfhv s dqg lqfrph z1 Wkh grpdlq ri fkrlfh lv wkh froohfwlrq ri exgjhw vhwv1 Lq wklv
vhwwlqj/ zh fdq jlyh d vshfldol}hg irupxodwlrq ri wkh zhdn d{lrp ri uhyhdohg suhihuhqfh1 Ohw xv ehjlq zlwk
d vlwxdwlrq ri zhdn uhyhdohg suhihuhqfh= {3 5 {+s3>z 3, dqg s3 ￿ { Ø z31 Wkdw lv/ {3 lv fkrvhq zkhq { lv
d>rugdeoh= {3 UF {1 Lq wklv flufxpvwdqfh/ ZDUS lpsolhv wkdw { fdq qhyhu eh fkrvhq zkhq {3 lv d>rugdeoh
exw qrw fkrvhq= { 5 {+s>z,@ , s ￿ {3 Azru {3 95 {+s>z,1 Wkdw lv/ li { lv d>rugdeoh zkhq {3 lv fkrvhq/
wkhq { lv rqo| fkrvhq zlwkrxw {3 zkhq {3 lv qrw d>rugdeoh1
Krz fdq wkh dssolhg hfrqrplvw nqrz zkhwkhu ru qrw dq d>rugdeoh exqgoh zdv fkrvhq exw qrw slfnhgB
Wkhuh lv uhdoo| qr zd|= pdq| exqgohv pljkw eh lqgl>huhqw/ exw rqo| wkh exqgoh slfnhg lv revhuyhg1 Rqfh djdlq
wkh hfrqrplvw pxvw wxuq wr wkh qdwxuh ri suhihuhqfhv wr vxjjhvw hqrxjkw vwuxfwxuh rq frqvxphu ehkdylru1
Khuh duh wzr srvvlelolwlhv=
￿ Wkh frqvxphu kdv d xqltxh fkrlfh lq dq| exgjhw vhw1 +Xqlydohqfh,
￿ Ghpdqg h{kdxvwv lqfrph +Zdoudv* Odz,
Xqlydohqfh lv d zlgho| dgrswhg uhvwulfwlrq/ zklfk kdv wkh dgydqwdjh ri lpso|lqj wkdw wkh fkrlfh vhw lv uhyhdohg
lq dq| fkrlfh vlwxdwlrq1 \hw lw lv reylrxvo| dg krf157 Zdoudv* Odz fdq eh prwlydwhg e| dq dsshdo wr wkh
vwuxfwxuh ri xqghuo|lqj suhihuhqfhv= dq| ri d qxpehu ri lqvdwldelolw| dvvxpswlrqv rq suhihuhqfhv lpso| wkh
vdwlvidfwlrq ri Zdoudv Odz1
57Wkdw lv/ wkh suhihuhqfh uhvwulfwlrqv wkdw surgxfh xqlydohqfh/ vxfk dv vwulfw frqyh{lw|/ duh gulyhq e| wkh wkhruhwlfdo frqyhqlhqfh
ri xqlydohqfh udwkhu wkdq wkh sodxvlelolw| ri wkh uhvwulfwlrq1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 4:
81614 Zdoudv* Odz
Li wkh frqvxphu vshqgv doo khu zhdowk/ sodflqj khu fkrlfh rq wkh exgjhw k|shusodqh=
i{ 5? N
. m s{ @ zj +47,
Wkh vorshv ri wkh exgjhw k|shusodqh uh hfw wkh udwhv ri h{fkdqjh ehwzhhq frpprglwlhv1 Frqvlghu dq| exqgoh
￿ { rq wkh exgjhw k|shusodqh1 Li zh gudz wkh sulfh yhfwru iurp wklv srlqw/ lw pxvw ruwkrjrqdo wr dq| yhfwru
gudzq iurp wklv srlqw wr dq| rwkhu srlqw rq wkh k|shusodqh1 Wklv lv ehfdxvh dorqj wkh k|shusodqh
s ￿ ￿{ @3 +48,
Zh fdq qrz vwdwh Zdoudv Odz= { 5 {+s>z,@ , s￿{ @ z ;zA3>s  31 Wkdw lv/ wkh frqvxphu vshqgv
doo khu lqfrph1
Zkhq wkh Pduvkdooldq ghpdqg fruuhvsrqghqfh vdwlv?hv Zdoudv Odz/ zh zloo uhihu wr lw dv d Zdoudvldq
ghpdqg fruuhvsrqghqfh158
81615 ZDUS iru Zdoudvldq Ghpdqg
Vxssrvh { 5 {+s>z,){3 5 {+s3>z 3,1 Qrwh wkdw Zdoudv* Odz dqg ZDUS wrjhwkhu lpso| wkh iroorzlqj= li
s￿{3 ?zwkhq s3 ￿{Az 31 Wkdw lv ehfdxvh zkhq {3 lv vwulfwo| fkhdshu zh nqrz {3 95 {+s>z,/ e| Zdoudv Odz1
81616 Odz ri Frpshqvdwhg Ghpdqg
Gh?qlwlrq 48 +OFG, Zh vd| d Pduvkdooldq ghpdqg fruuhvsrqghqfh vdwlv?hv wkh O d zr iF r p s h q v d w h g
Ghpdqg +OFG, li { 5 {+s>z, dqg {3 5 {+s3>s 3 ￿ {, lpsolhv +s3 ￿ s, ￿ +{3 ￿ {, Ø 31
Wkh odz ri frpshqvdwhg ghpdqg/ wkdw lqfrph frpshqvdwhg ghpdqg fxuyhv vorsh grzqzdug/ lv d fhqwhuslhfh
ri frqvxphu wkhru|1 Wklv vhfwlrq vwdwhv d zhoo0nqrzq uhodwlrqvkls ehwzhhq wkh odz ri frpshqvdwhg ghpdqg
dqg wkh zhdn d{lrp ri uhyhdohg suhihuhqfh1 Vxssrvh zh revhuyh { 5 {+s>z,/ vr wkdw s￿{ Ø z1 Qrz vxssrvh
zh fkdqjh sulfhv wr s3 exw dovr fkdqjh lqfrph wr z3 @ s3 ￿{/ vr wkdw wkh suhylrxv frqvxpswlrq exqgoh lv mxvw
d>rugdeoh1 Zkdw grhv frqvxphu wkhru| suhglfw kdsshqv wr ghpdqgB
Zh fdoo vxfk dq lqfrph fkdqjh d Voxwvn| lqfrph frpshqvdwlrq1 Zh zdqw wr vkrz wkdw/ jlyhq d Voxwvn|
lqfrph frpshqvdwlrq/ sulfh dqg txdqwlw| fkdqjhv duh qhjdwlyho| fruuhodwhg= +s3 ￿s,￿+{3 ￿{, Ø 31L i{3 @ {
wklv lv vdwlv?hg wulyldoo|/ vr zh zloo frqvlghu wkh fdvhv zkhuh {3 9@ {1 Qrwh wkdw
+s3 ￿ s, ￿ +{3 ￿ {,@s3 ￿ +{3 ￿ {, ￿ s ￿ +{3 ￿ {, +4;,
Xqghu wkh Voxwvn| lqfrph frpshqvdwlrq/ zh nqrz
s3 ￿ {3 Ø s3 ￿ { +4<,
vr s3 ￿ +{3 ￿ {, Ø 31 Wkhuhiruh zh mxvw qhhg wr vkrz wkdw s ￿ +{3 ￿ {, Ł 31
Li {3 95 E+s>z,/ wkh uhvxow lv lpphgldwh= s￿{3 AzŁ s￿{1 Wklv jlyhv xv +s3 ￿s,￿+{3 ￿{, ? 3/ vdwlvi|lqj




n ￿ {n,@￿ sn￿{n +53,













vdwlv?hv ?uvw ghjuhh krprjhqhlw| exw grhv qrw vdwlvi| Zdoudv Odz +xqohvv q ’￿ ,1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 4;
Zh vd| wkdw rzq sulfh h>hfwv duh qhjdwlyh/ ru frpshqvdwhg ghpdqg fxuyhv vorsh grzqzdug1 Qrwh wkdw zh
glg qrw xvh ZDUS iru wklv uhvxow1
Li {3 5 E+s>z,/Z D U Sd v v x u h vx vw k d w{3 5 {+s>z,1 Exw wklv lv qrw hqrxjk= zh qhhg wr nqrz wkdw dw
sulfhv s/ {3 frvwv dw ohdvw dv pxfk dv {1L i v r / w k h q s ￿ {3 Ł s ￿ { dqg zh kdyh OFG1 Wkh sureohp lv wkdw
{ dqg {3 kdyh ehhq uhyhdohg lqgl>huhqw dqg wkhuh lv qrwklqj lq wkh qdwxuh ri wkh fkrlfh sureohp wr hqvxuh
wkdw wkh frqvxphu zloo slfn wkh fkhdshvw ri wkhp1 ZDUS pxvw wkhuhiruh eh vxssohphqwhg wr jhw wkh odz ri
frpshqvdwhg ghpdqg1 Zh wkhuhiruh lqyrnh Zdoudv* Odz/ zklfk dvvxuhv xv wkdw iru {>{3 5 {+s>z,
s ￿ {3 @ s ￿ { +54,
Lw dovr lpsolhv zh fdq zulwh wkh +frpshqvdwhg, exgjhw frqvwudlqw dv
s3 ￿ {3 @ s3 ￿ { +55,
zh wkhq kdyh
￿{ ￿ ￿s @3 +56,
Lq vxp/ wkh odz ri frpshqvdwhg ghpdqg vwdwhv wkdw
￿{ ￿ ￿s Ø 3 +57,
Iru d Zdoudvldq ghpdqg fruuhvsrqghqfh/ zh ?qg wkdw ZDUS lpsolhv OFG/ zlwk vwulfw lqhtxdolw| l> {3 95
E+s>z,1
9 Udwlrqdo Suhihuhqfhv
Lw vkrxog eh fohdu wkdw hfrqrplvwv* lqwhuhvw lq udwlrqdolw| ghulyhv iurp wkh krsh wkdw udwlrqdolw| lpsrvhv
xvhixo vwuxfwxuh rq wkh fkrlfh ixqfwlrq1 Qrwlrqv ri udwlrqdolw| duh qrupdwlyh/ dqg wklv vwuxfwxuh lv lqwhqghg
wr uh hfw wkhvh qrupv1 Iroorzlqj PfFohqqhq +4<<3,/ zh fdq glvwlqjxlvk wkuhh dssurdfkhv wr mxvwli|lqj vxfk
qrupdwlyh lpsrvlwlrq ri vwuxfwxuh1
41 irxqgdwlrqdolvw= wkh vwuxfwxuh frgl?hv ixqgdphqwdo/ 3xqtxhvwlrqdeoh4 sulqflsohv
51 frkhuhqwlvw= wkh vwuxfwxuh frqvlvwhqwo| frgl?hv h{lvwlqj qrupv uhjduglqj hydoxdwlrq dqg fkrlfh dprqj
dowhuqdwlyhv
61 sudjpdwlf= wkh vwuxfwxuh frgl?hv qhfhvvdu| frqglwlrqv iru wkh vxffhvvixo sxuvxlw ri jrdov
Dv PfFohqqdq qrwhv/ wkh ghedwh ryhu wkh vwdqgdug sulqflsohv lq xwlolw| wkhru| dqg h{shfwhg xwlolw| wkhru|
vhhpv wr fxw htxdoo| zhoo djdlqvw wkh irxqgdwlrqdolvw dqg frkhuhqwlvw dssurdfkhv1
Lq wkh dssolfdwlrq ri devwudfw fkrlfh wkhru| wr frqvxphu wkhru|/ hfrqrplvwv kdyh uholhg odujho| rq wkh
irxqgdwlrqdolvw dssurdfk1 Wkdw lv/ wkh| kdyh hqjdjhg lq d vhdufk iru sulqflsohv wkdw zrxog ?qg xqlyhuvdo
dffhswdqfh dv uhtxluhphqwv ri udwlrqdo fkrlfh1 Sulpdulo| wklv kdv phdqw d vhdufk iru sulqflsohv wkdw hperg|
fruh lqwxlwlrqv derxw wkh zd|v lq zklfk suhihuhqfhv vkrxog 3kdqj wrjhwkhu41
Iru h{dpsoh/ wkh iroorzlqj froohfwlrq ri fkrlfhv lv jhqhudoo| vhhq dv sureohpdwlf1
H{dpsoh 7 +3Rgg4 Suhihuhqfhv,
DF +D, Uhyhodwlrq FV+D>UF,
{>| { { SF |{
|>} | | SF }|
{>} } } SF {}
DF +D, Uhyhodwlrq FV+D>UF,
{>| { { SF |{
|>} | | SF }|
{>} {>} } LF {{ > }
Zkhq suhihuhqfhv duh phqx lqghshqghqw/ dqg fkrlfh uhyhdov suhihuhqfh/ lw vhhpv lqkhuhqw lq wkh frqfhsw ri
suhihuhqfh wkdw vxfk rxwfrphv qrw rffxu159 Wkdw lv/ lw vhhpv lqkhuhqw wr wkh qdwxuh ri suhihuhqfh wkdw vwulfw
suhihuhqfh eh wudqvlwlyh1 +Wklv lv nqrzq dv wkh 3txdvl0wudqvlwlylw|4 ri suhihuhqfh1,
59Qrwh wkdw wkh vhfrqg vhw ri 3rgg4 suhihuhqfhv lv doorzhg xqghu Vhq*v gh?qlwlrq ri 3phqx lqghshqghqfh4/ vlqfh li t%c+￿ ’
￿Et%c+c5￿￿/ wkh fkrlfh ixqfwlrq fdq eh uhsuhvhqwhg e| zhdn uhyhdohg suhihuhqfh1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 4<
914 Wudqvlwlylw|
Gh?qlwlrq 49 +Wudqvlwlylw|, D elqdu| uhodwlrq U rq d vsdfh [ lv fdoohg wudqvlwlyh li iru doo {>|>} 5 [/
{U|) |U} @, {U}1L ide l q d u |u h o d w l r qU kdv d wudqvlwlyh dv|pphwulf vxeuhodwlrq/ wkhq U lv fdoohg
txdvlwudqvlwlyh1
Qrwh wkdw wudqvlwlylw| lv d surshuw| ri wulsohv1 Krzhyhu/ lw lv uhdglo| h{whqghg wr orqjhu fkdlqv1 Dovr qrwh
wkdw wudqvlwlylw| lpsolhv txdvl0wudqvlwlylw|= li U lv wudqvlwlyh/ wkhq lw lv txdvl0wudqvlwlyh1 Pdq| hfrqrplvwv
kdyh suhvxphg wkdw udwlrqdo fkrlfhv vkrxog glvsod| fhuwdlq wudqvlwlylwlhv +Krxwkdnnhu 4<83> Vdpxhovrq
4<83,1 Txdvl0wudqvlwlylw| lv sduwlfxoduo| lqwxlwlyh li zh wklqn ri wkh elqdu| uhodwlrq dv uhsuhvhqwlqj zhdn
suhihuhqfh/ vr wkdw wkh dv|pphwulf vxeuhodwlrq uhsuhvhqwv vwulfw suhihuhqfh1 Ehfdxvh kxpdq shufhswlrq lv
olplwhg/ krzhyhu/ lw lv hdv| wr lpdjlqh {U|) |U}exw ={U}1 Wklv lv mxvw d pdwwhu ri lqfuhphqwv wrr vpdoo
wr glvfulplqdwh lqglylgxdoo| exw odujh hqrxjk wr glvfulplqdwh lq frqmxqfwlrq1 Dowkrxjk wkhuh lv d olwhudwxuh
rq lqwudqvlwlyh lqgl>huhqfh wkdw dgguhvvhv wklv/ zh zloo qrw sxuvxh wklv lqwhuhvwlqj wrslf lq dq| ghwdlo15:
Qrwh wkdw lq h{shulphqwdo vlwxdwlrqv/ lqglylgxdov duh revhuyhg wr vrphwlphv pdnh lqwudqvlwlyh fkrlfhv +Pd|
4<87> Urvh 4<8:,1 Krzhyhu/ zkhq wklv lv h{sodlqhg wr wkhp/ wkh| whqg wr uhylvh wkh fkrlfhv +qrz vhhq dv
plvwdnhv9exw lv h{shulphqwhu lq xhqfh rq wklv shufhswlrq dghtxdwho| frqwuroohgB,1 Pduvfkdn +4<93, kdv
frpsduhg wkhvh 3plvwdnhv4 wr dulwkphwlfdo huuruv= lqglylgxdov pdnh dulwkphwlfdo huuruv exw gr qrw ghq| wkh
odzv ri dulwkphwlf1 Vdydjh +4<86, dsshduv wr kdyh d uhodwhg srvlwlrq= 3Zkhqhyhu L h{dplqh vxfk d wulsoh
ri ^lqwudqvlwlyh‘ suhihuhqfhv rq p| rzq sduw/ L ?qg wkdw lw lv qrw dw doo gl!fxow wr uhyhuvh rqh ri wkhp1 Lq
idfw/ L ?qg rq frqwhpsodwlqj wkh wkuhh doohjhg suhihuhqfhv vlgh e| vlgh wkdw dw ohdvw rqh dprqj wkhp lv qrw
d suhihuhqfh dw doo/ dw dq| udwh qrw dq| pruh14 +Dv txrwhg e| Khu}ehujhu +4<:6/ s14<8,1,
Khu}ehujhu +4<:6/ s14<8, fodlpv wkdw wkh wudqvlwlylw| ri vwulfw suhihuhqfh lv 3doprvw eh|rqg uhsurdfk4 dv
d qrupdwlyh frqglwlrq1 3Xqghu wkh frqfhswlrq ri wkh udwlrqdo djhqw dv dq lghdo v|vwhpdwl}hu/ li kh vwulfwo|
suhihuv rqh dowhuqdwlyh wr d vhfrqg dqg dovr wkh vhfrqg wr d wklug/ kh fohduo| rxjkw wr eulqj wkhvh vhsdudwh
hydoxwdwlrqv wr ehdu rq rqh dqrwkhu> vr kh rxjkw wr vwulfwo| suhihu wkh ?uvw wr wkh wklug1 === Zkdwhyhu
hylghqfh vxssruwv wkh fodlp wkdw d fhuwdlq djhqw kdv dq lqgluhfw vwulfw suhihuhqfh ehwzhhq wzr dowhuqdwlyhv/
frxog htxdoo| zhoo eh eurxjkw lq dv hylghqfh iru d gluhfw vwulfw suhihuhqfh ehwzhhq wkhp14
Wkhuh duh wzr zd|v lq zklfk rqh pljkw frqfhlyh wkh wudqvlwlylw| frqglwlrq/ zklfk duh qrw jhqhudoo|
vhsdudwhg lq qhrfodvvlfdo frqvxphu wkhru|1 Rqh pljkw wklqn ri suhihuhqfh dv elqdu|/ dqg vhh wudqvlwlylw| dv
d frqvwudlq rq elqdu| suhihuhqfhv lq d jlyhq fkrlfh vlwxdwlrq1 Dowhuqdwlyho|/ rqh pljkw vhh wudqvlwlylw| dv d
nlqg ri frqvlvwhqf| uhodwlrqvkls wkdw vkrxog shuwdlq dfurvv fkrlfhv dw gl>huhqw srlqwv lq wlph1 Wkh eulgjh
ehwzhhq wkh wzr lv suhihuhqfh0edvhg fkrlfh/ zlwk frqvwdqw suhihuhqfhv1 Suhihuhqfh frqvwdqf| lv dvvxphg lq
qhrfodvvlfdo frqvxphu wkhru|/ dowkrxjk lw lv uhmhfwhg e| vrph hfrqplvwv1 Iru h{dpsoh/ +yrq Plvhv 4<99/
s1436, vhhv h{dpsohv ri lqwudqvlwlyh suhihuhqfh dv vkrzlqj rqo| wkdw 3ydoxh mxgjphqwv duh qrw lppxwdeoh
dqg wkdw wkhuhiruh d vfdoh ri ydoxh/ zklfk lv devwudfwhg iurp ydulrxv/ qhfhvvdulo| qrqv|qfkurqrxv dfwlrqv ri
dq lqglylgxdo/ pd| eh vhoi0frqwudglfwru|14 Wxoorfn +4<97/ s1737, dovr irfxvhv rq lqfrqvwdqf| lq vxfk fdvhv/
lqyrnlqj Rffdp*v ud}ru dorqj zlwk wkh fodlp wkdw 3wkh k|srwkhvlv wkdw wkh vxemhfwv kdg wudqvlwlyh suhihuhqfh
vfkhgxohv exw fkdqjhg wkhlu plqgv lq wkh vlpsohu rqh14 +Wklv pryh lv vrphzkdw lurqlf lq wkh frqwh{w ri d
olwhudwxuh wkdw kdv dwwhpswhg wr xvh Rffdp*v ud}ru wr h{flvh suhihuhqfhv dowrjhwkhu1,
Lq whupv ri uhyhdohg suhihuhqfh/ wkh wudqvlwlylw| ri vwulfw suhihuhqfh lpsolhv wkdw uhyhdohg suhihuhqfh zloo
vdwlvi| wkh iroorzlqj frqglwlrq/ zklfk zh ghqrwh wkh vwurqj d{lrp ri uhyhdohg suhihuhqfh +VDUS,1
Dvvxpswlrq < +VDUS, {q SF {q￿4 ) === ) {5 SF {4 @,= {4 UF {q
Lq idfw/ prvw hfrqrplvwv zlvk wr jr wkh h{wud ploh dqg vd| zhdn suhihuhqfh lv dovr wudqvlwlyh1 Iru h{dpsoh/
Duurz +4<9:/ s18, vwdwhv/ 3Wkh lghd ri wudqvlwlylw| fohduo| fruuhvsrqgv wr vrph vwurqj ihholqj ri wkh phdqlqj
ri frqvlvwhqf| lq rxu fkrlfh1 Hfrqrplvwv kdyh wudglwlrqdo| lghqwl?hg wkh frqfhsw ri udwlrqdolw| zlwk wkh
qrwlrq ri fkrlfhv ghulydeoh iurp dq rughulqj14 Lq whupv ri uhyhdohg suhihuhqfh/ wklv lpsolhv wkh iroorzlqj
frqglwlrq/ zklfk zh ghqrwh Krxwkdnnhu*v d{lrp ri uhyhdohg suhihuhqfh +KDUS,15;
5:Vhh ydq Dfnhu +4<<3, iru d uhfhqw glvfxvvlrq1 Dovr vhh Jhrujhvfx0Urhjhq +4<69, dqg Dupvwurqj +4<83,1
5;Vlqfh Krxwkdnnhu +4<83, dqg Vdpxhovrq +4<83, zrunhg zlwk vlqjoh0ydoxhg ghpdqg ixqfwlrqv/ vrph lqwhusuhwlyh lvvxhv duh
udlvhg lq dsso|lqj wkhvh ghvljqdwlrqv wr vhw0ydoxhg fkrlfh ixqfwlrqv +Ulfkwhu 4<99/ s196:,1 Krzhyhu/ zlwk Vx}xpxud +4<;6,/ zh
?qg wklv xvdjh pruh xvhixo wkdq plvohdglqj1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 53
Dvvxpswlrq 43 +KDUS, {q UF {q￿4 ) === ) {5 UF {4 @,= {4 SF {q
Fohduo| d ylrodwlrq ri ZDUS lpsolhv d ylrodwlrq ri VDUS/ dqg d ylrodwlrq ri VDUS lpsolhv d ylrodwlrq ri
KDUS1 Lq wklv vhqvh lw vhhpv wkdw zh kdyh wkuhh sursrvhg vwuxfwxuhv ri fkrlfh lq dvfhqglqj uhvwulfwlyhqhvv1
Vkrxog zh dgrsw < dqg2ru 43 dv d udwlrqdolw| d{lrpB Ehiruh dgguhvvlqj wklv txhvwlrq/ d ihz frpphqwv
duh lq rughu1 Iluvw qrwh wkdw < dqg 43 froodsvh wr wkh vdph vwdwhphqw zkhq wkh fkrlfh ixqfwlrq lv vlqjoh
ydoxhg1 Wklv lv wkh frqwh{w lq zklfk wkh hduo| zrun rq uhyhdohg suhihuhqfh wrrn sodfh1
Vxssrvh doo wulsohwv ri hohphqwv lq wkh fkrlfh vsdfh duh lq wkh grpdlq ri d jlyhq fkrlfh ixqfwlrq1
Gh?qlwlrq 4: +W0Grpdlq, Zh vd| d fkrlfh ixqfwlrq lv gh?qhg rq d W0grpdlq li
{>|>} 5 [ @,i {>|>}j5G
Rq d W0grpdlq/ ZDUS lpsolhv wudqvlwlylw| ri zhdn uhyhdohg suhihuhqfh1 Wklv froodsvhv doo rxu d{lrpv ri
uhyhdohg suhihuhqfh +Duurz 4<8<> Vhq 4<:6,1
Wkhruhp 6 +ZDUS @, KDUS, D fkrlfh ixqfwlrq wkdw vdwlv?hv ZDUS rq d W0grpdlq dovr vdwlv?hv
KDUS +dqg wkhuhiruh VDUS,1
Surri= Vlqfh KDUS iroorzv lpphgldwho| iurp ZDUS dqg wkh wudqvlwlylw| ri UF/ zh mxvw suryh wkdw ZDUS
lpsolhv wudqvlwlylw|1 Wkh 3surri ri wudqvlwlylw|4 lv vlplodu wr wkdw lq Wxoorfn +4<97,1 Vxssrvh {UF| ) |UF}/
dqg frqvlghu F+i{>|>}j,1E |Z D U S /z hp x v wk d y h{ 5 F+i{>}j,/ vr wkdw {UF} dqg zhdn uhyhdohg suhihuhqfh
lv wudqvlwlyh1 +Li { 95 F+i{>|>}j,/ ZDUS lpsolhv | 95 F+i{>|>}j,/ dqg ZDUS wkhq lpsolhv } 95 F+i{>|>}j,1
Exw F+i{>|>}j, 9@ > vlqfh wkh fkrlfh ixqfwlrq lv gh?q h gr qdW 0 g r p d l q 1 ,
915 Pduvkdooldq Ghpdqg dqg wkh Grpdlq ri Fkrlfh
Wkh Pduvkdooldq ghpdqg fruuhvsrqghqfh lv jhqhudoo| gh?qhg rq wkh vhw ri exgjhw vhwv1 Vlqfh wklv lv qrw
d W0grpdlq/ ZDUS kdv ehhq jhqhudoo| suhvxphg wr eh d zhdnhu dvvxpswlrq rq Pduvkdooldq ghpdqg wkdw
VDUS ru KDUS1 Vhq +4<:6/ vhfwlrq 6, vwurqjo| fkdoohqjhg wkh orjlf ri wklv suhvxpswlrq1 3^L‘w kdv ehhq
fxvwrpdu| wr dvvxph/ xvxdoo| lpsolflwo|/ wkdw wkh Zhdn D{lrp krogv rqo| iru wkrvh fkrlfhv wkdw fdq eh
revhuyhg lq wkh pdunhw dqg qrw qhfhvvdulo| iru rwkhu fkrlfhv1 === Suhvxpdeo|/ wkh dujxphqw olhv lq wkh idfw
wkdw === w k hZ h d nD { l r pf d qe hy h u l ?hg rqo| iru wkrvh fkrlfhv dqg qrw iru rwkhuv wkdw fdqqrw eh revhuyhg lq
wkh pdunhw14 Exw dv Vhq dujxhv/ yhul?fdwlrq lv d uhg khuulqj/ vlqfh zh fdq dw ehvw revhuyh d ?qlwh qxpehu ri
exgjhw vlwxdwlrqv1 Li zh duh jrlqj wr dvvxph ZDUS krogv dfurvv exgjhw vlwxdwlrqv zh fdqqrw revhuyh/ wkhq
zh pljkw dv zhoo dvvxph lw krogv dfurvv wulsohv dv zhoo1 Rxu prwlydwlrq iru dvvhuwlqj ZDUS lv rxu lqwxlwlrq
derxw suhihuhqfhv/ qrw lwv hpslulfdo yhul?fdwlrq1
Li zh duh dgguhvvlqj wkh d{lrpdwlf irxqgdwlrqv ri frqvxphu wkhru|/ Vhq*v dujxphqw lv vrxqg1 Qr rqh
kdv r>huhg d uhdvrq wr eholhyh wkdw frqvxphuv duh fdsdeoh ri pdnlqj fkrlfh iurp lq?qlwh exgjhw vhwv exw
lqfdsdeoh ri fkrrvlqj iurp wulsohv/ qru wkdw wkhlu suhihuhqfhv ryhu lq?qlwh exgjhw vhwv duh pruh olnho| wr
eh frqwh{w lqghshqghqw wkdq wkhlu suhihuhqfhv ryhu wulsohv1 Wklv srlqw lv wzr dqg d kdoi ghfdghv rog/ exw
lw lv vwloo ryhuorrnhg1 Iru h{dpsoh/ Pdv0Frohoo/ Zklqvwrq/ dqg Juhhq +4<<8/ s168, vxjjhvw/ 3Iru Zdoudvldq
ghpdqg ixqfwlrqv/ wkh wkhru| ghulyhg iurp wkh zhdn d{lrp lv zhdnhu wkdq wkh wkhru| ghulyhg iurp udwlrqdo
suhihuhqfhv14 Wkh| fdq uhdfk wklv frqfoxvlrq rqo| e| wkh rgg dvvxpswlrq wkdw wkh zhdn d{lrp dssolhv rqo|
wr fkrlfhv ryhu exgjhw vhwv dqg qrw wr fkrlfhv ryhu ?qlwh vhwv1
Qhyhuwkhohvv/ wkh glvwlqfwlrq ehwzhhq ZDUS/ VDUS/ dqg KDUS grhv qrw ehfrph srlqwohvv rq wklv
dffrxqw1 Iru dfwxdo exgjhw gdwd/ li zh r>hu dq hpslulfdo sur{| iru vwulfw suhihuhqfh/ hdfk frqglwlrq fdq eh
fkhfnhg1 D frqvxphu zkr jhqhudwhv exgjhw gdwd iurp d fkrlfh ixqfwlrq wkdw vdwlv?hv ZDUS rq dq W0grpdlq
zloo ri frxuvh dovr vdwlvi| VDUS dqg KDUS1 Exw fkhfnlqj wkdw wkh gdwd vdwlvi| KDUS lv qhyhuwkhohvv pxfk
pruh ghpdqglqj wkdq vlpso| fkhfnlqj li wkh gdwd gluhfwo| vdwlvi| ZDUS1
Sxwwlqj wklv dqrwkhu zd|/ ZDUS lv wkh edvlv ri wkh suhglfwlrqv ri frqvxphu wkhru|1 KDUS r>huv qr
dgglwlrqdo suhglfwlrqv rqfh frqvxphu wkhru| lv uhdvrqdeo| fkdudfwhul}hg +vr wkdw ZDUS lv vdwlv?hg ryhu d
W0grpdlq,1 Rqh ri rxu suhglfwlrqv lv wkh exgjhw gdwd zloo vdwlvi| KDUS1 Wklv lpsolhv/ exw lv qrw lpsolhg
e|/ wkh vdwlvidfwlrq ri ZDUS e| wkh exgjhw gdwd1 Wr vhh wklv/ frqvlghu dq h{dpsoh r>huhg e| Klfnv +4<89,1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 54
H{dpsoh 8 +ZDUS 9, KDUS, Wkhuh duh wkuhh frpprglwlhv dqg wkh frqvxphu*v lqfrph lv ;1 Dw s4 @
+5>4>5, vkh frqvxphv {4 @+ 4 >5>5,1D w s5 @+ 5 >5>4, vkh frqvxphv {5 @+ 5 >4>5,1D w s6 @+ 4 >5>5, vkh
frqvxphv {4 @+ 5 >5>4,1
Klfnv dvvxphv vlqjoh0ydoxhgqhvv ri wkh Pduvkdooldq ghpdqg fruuhvsrqghqfh/ vr wkdw uhyhdohg suhihuhqfh
lv dozd|v vwulfw1 Vlqfh s6 ￿ {5 @; / {6 SF {51V l q f hs5 ￿ {4 @; / {5 SF {41V l q f hs4 ￿ {6 @; / {4 SF {61W k l v
f|foh ri vwulfw suhihuhqfh lv qrw uxohg rxw e| wkh sdluzlvh frpsdulvrq*v vxjjhvwhg e| ZDUS/ exw lw lv ri frxuvh
uxohg rxw e| KDUS +dqg VDUS,1
Q r zl wl vr if r x u v hw u x hw k d wz hf d qd v n /Z k d wz r x o ge hf k r v h qi u r pi{4>{ 5>{ 6jB Zh glvfryhu iurp wklv
wkdw wkhuh lv dq lpsolflw ylrodwlrq ri ZDUS1 Exw wkdw lv mxvw wkh srlqw= fkhfnlqj exgjhw gdwd iru hpslulfdo
ylrodwlrqv ri KDUS lv mxvw fkhfnlqj iru lpsolflw ylrodwlrqv ri ZDUS1
91514 Jhqhudol}hg D{lrp ri Uhyhdohg Suhihuhqfh
Vxssrvh zh revhuyh d ?qlwh vhw ri fkrlfhv=
{4 5 F^E+s4>|4,‘>{ 5 5 F^E+s5>|5,‘>{ 6 5 F^E+s6>|6,‘>===>{q 5 F^E+sq>|q,‘
Vxssrvh zh zdqw wr whvw iru wkh vdwlvidfwlrq ri KDUS1 Zh lpphgldwho| idfh wkh sureohp wkdw zh gr qrw
revhuyh wkh hqwluh fkrlfh vhw1 Dw ehvw wkh slfnv duh revhuyhg/ dqg hyhq wklv frphv e| dvvxpswlrq1
Dvvxpswlrq 44 +Fdxvdolw|, Wkh rxwfrph revhuyhg e| wkh hfrqrplvw lq dq| jlyhq fkrlfh vlwxdwlrq lv
fdxvhg e| wkh frqvxphu*v slfn iurp khu fkrlfh vhw1
Wklv phdqv wkdw zh kdyh dffhvv rqo| wr wkh hpslulfdoo| uhyhdohg sduw ri wkh uhyhdohg suhihuhqfh uhodwlrq0
vkls1 Iru h{dpsoh/ lw lv fhuwdlqo| wkh fdvh wkdw slfnhg exqgohv duh uhyhdohg zhdno| suhihuuhg wr doo rwkhu
d>rugdeoh exqgohv1 Vr ohw xv gh?qh Ur
F e|
{l Ur
F {m +, {m 5 E+sl>|l,
zkhuh {l lv wkh slfn iurp E+sl>|l,1 Qrwh wkdw Ur
F º UF
Lq frqwudvw wr rxu dffhvv wr dw ohdvw sduw ri wkh zhdn uhyhdohg suhihuhqfh uhodwlrq/ zh kdyh qr gluhfw
dffhvv wr vwulfw suhihuhqfh1 Rqfh djdlq zh zloo zrun zlwk Zdoudvldq ghpdqg/ vr wkdw wkh frqvxphu*v slfn lv
uhyhdohg vwulfwo| suhihuuhg wr exqgohv lq wkh lqwhulru ri wkh exgjhw vhw1 Gh?qh Sr
F e|
{l Sr
F {m +, sl{m ?z l
zkhuh rqfh djdlq {l lv wkh slfn iurp E+sl>z l,1 Qrwh wkdw Sr
F º SF1
Wkh jhqhudol}hg d{lrp ri uhyhdohg suhihuhqfh lv mxvw d uhvwdwhphqw ri KDUS lq whupv ri wkh hpslulfdo
uhyhdohg suhihuhqfh uhodwlrqvkls1
Gh?qlwlrq 4; +JDUS, D froohfwlrq ri exgjhw gdwd vdwlv?hv wkh jhqhudol}hg d{lrp ri uhyhdohg suhihuhqfh
l>
{q Ur
F {q￿4 ) ￿￿￿ ) {5 Ur
F {4 @,= {4 Sr
F {q
Vr dq| f|foh ri uhyhdohg suhihuhqfh lq wkh gdwd fdqqrw lqfoxgh d vwulfw uhyhdohg suhihuhqfh1 Fohduo| d ylrodwlrq
ri JDUS lpsolhv d ylrodwlrq ri KDUS/ zklfk +dvvxplqj fkrlfh lv gh?qhg rq d W0grpdlq, lpsolhv d ylrodwlrq
ri ZDUS1
Lq vhfwlrq 815 zh vdz wkdw vdwlvidfwlrq ri ZDUS hqvxuhv wkdw d fkrlfh ixqfwlrq fdq eh uhsuhvhqwhg e|
uhyhdohg suhihuhqfh1 Lq vhfwlrq 914 zh vdz wkdw vdwlvidfwlrq ri ZDUS rq d W0grpdlq hqxuhv wkh wudqvlwlylw|
uhyhdohg suhihuhqfh1 Zh zloo qrz vkrz wkdw li d fkrlfh ixqfwlrq fdq eh uhsuhvhqwhg e| d frpsohwh dqg
wudqvlwlyh elqdu| uhodwlrq/ wkhq lw vdwlv?hv ZDUS1
Gh?qlwlrq 4< De l q d u |u h o d w l r qU rq d vsdfh [ lv fdoohg frpsohwh li
{>| 5 [ @, {U|ru |U{Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 55
Qrwh wkdw wklv lv dq lqfoxvlyh cru*/ dqg wkdw { dqg | dqg qrw dvvxphg wr eh glvwlqfw1
Wkhruhp 7 Vxssrvh F+D>h, lv uhsuhvhqwhg e| U/ zklfk lv frpsohwh dqg wudqvlwlyh rq [1W k h q F+D>h,
vdwlv?hv ZDUS1
Surri=
Uhfdoo uhsuhvhqwdelolw| phdqv wkdw iru dq| phqx D lq wkh grpdlq ri wkh fkrlfh ixqfwlrq/ F+D>h,@
i{ 5 Dm{U|;| 5 Dj1 Vxssrvh iru wkh sxusrvh ri frqwudglfwlrq wkdw zh fdq ?qg {>| 5 [ vxfk
wkdw |U F { dqg {S F |1V l q f h { fdqqrw eh fkrvhq ryhu lwvhoi/ { dqg | pxvw eh glvwlqfw1 E|
uhsuhvhqwdelolw|/ {U|) |U{ 1 Vr wkhuh pxvw eh d fkrlfh vlwxdwlrq +D>h, zkhuh d wklug hohphqw
} suhyhqwv | iurp ehlqj fkrvhq dorqj zlwk {= {>|>} 5 D>{ 5 F+D>h,>| 95 F+D>h,>D 5G 1 Wkdw
lv/ | lv qrw fkrvhq lq D ehfdxvh 9 |U} 1 E| frpsohwhqhvv/ zh wkhq kdyh }S| 1 E| wudqvlwlylw|/
}S|) |U{ @, }S{ 15< Exw wkhq/ e| uhsuhvhqwdelolw|/ { fdqqrw eh fkrvhq lq wkh suhvhqfh ri
}1
Zh kdyh xqfryhuhg wkh edvlf frpsohphqwdulw| ehwzhhq ZDUS duh 3udwlrqdo4 suhihuhqfhv1
:F r q f o x v l r q
Wkhuh lv d vlqjoh qhrfodvvlfdo wkhru| ri frqvxphu ghpdqg= wkh wkhru| ri suhihuhqfh0edvhg fkrlfh1 Wkhuh duh
wkuhh srsxodu uhsuhvhqwdwlrqv ri wkh wkhru|= uhsuhvhqwdwlrqv lq whupv ri xwlolw| ixqfwlrqv/ uhsuhvhqwdwlrqv lq
whupv ri suhihuhqfh uhodwlrqv/ uhsuhvhqwdwlrqv lq whupv ri fkrlfh ixqfwlrqv1 Zkloh devwudfw fkrlfh wkhru| r>huv
wkh prvw jhqhudo fkdudfwhul}dwlrq ri fkrlfh lq jhqhudo/ zkhq dssolhg wr frqvxphu wkhru| lw lv qhlwkhu pruh
3jhqhudo4 qru pruh 3hpslulfdoo| rulhqwhg4 wkdq uhsuhvhqwdwlrqv lq whupv ri suhihuhqfh uhodwlrqv1 Krzhyhu/
lw grhv r>hu d shgdjrjlfdo dgydqwdjh/ lq wkdw lw dvvlvwv lq slqqlqj grzq wkh vhulhv ri dvvxpswlrqv rq wkh
jhqhudo vwuxfwxuh ri fkrlfh wkdw duh lqyrnhg lq ghyhorslqj wkh qhrfodvvlfdo wkhru| ri frqvxphu ghpdqg1 Lw
wklv vhqvh/ devwudfw fkrlfh wkhru| lv dq dlg wr wkh glvfryhu| ri wkh vwuxfwxuh ri qhrfodvvlfdo frqvxphu wkhru|1
Qhrfodvvlfdo frqvxphu wkhru| kdv frqvlghudeoh vwuxfwxuh1 Lw lv xvxdoo| fkdudfwhul}hg dv wkh wkhru| ri
udwlrqdo fkrlfh1 Zh kdyh vhhq wkdw udwlrqdolw| srvwxodwhv jhw xv qrzkhuh qhdu wkh ghjuhh ri vwuxfwxuh uhtxluhg
e| wkh wkhru|/ krzhyhu1 Lq dgglwlrq/ zh uhtxluhg d odujh qxpehu ri dx{loldu| k|srwkhvhv zklfk udqjh iurp wkh
sodxvleoh wr wkh lqfuhgleoh1 Wkh prvw sodxvleoh fdvh iru qhrfodvvlfdo frqvxphu wkhru| frphv iurp uhvwulfwlqj lw
wr fkrlfhv pdgh lq frpshwlwlyh pdunhwv/ zkhuh wkh frqwh{w ri frpshwlwlyh pdunhwv pd| sodxvleo| eh wuhdwhg
dv grplqdqw dqg uhodwlyho| frqvwdqw1
Wkh idfw wkdw wkh qhrfodvvlfdo sdudgljp lqyrnhv dq lqfuhgleoh dprxqw ri vwuxfwxuh pdnhv phwkrgrorjlfdo
mxvwl?fdwlrq sureohpdwlf1 Wkh dvvxpswlrqv duh frpsohwho| frqwudu| wr zkdw zh nqrz ri dfwxdo kxpdqv/
d q gw k l vl vy h u l ?hg e| erwk fdvxdo hpslulfdo uh hfwlrq dqg dfwxdo hpslulfdo zrun1 Zh pljkw wkhuhiruh ?qg
wkh h{sorudwlrqv ri wkh suhvhqw sdshu surpsw dgglwlrqdo phwkrgrorjlfdo vshfxodwlrqv uhodwhg wr qhrfodvvlfdo
frqvxphu wkhru|1
Lw lv qrw wkdw wkh qhrfodvvlfdo prgho ri frqvxphu ehkdylru lv 3zurqj4= d prgho qhhg qrw eh %uljkw% wr
eh xvhixo1 Exw ylhzlqj qhrfodvvlfdo frqvxphu wkhru| wkurxjkw wkh ohqv ri devwudfw fkrlfh wkhru| xqghufxwv
pdq| ri wkh wudglwlrqdo ukhwrulfdo sor|v lq wkh iruphu*v ghihqvh/ vxfk dv wkh fodlp wkdw lw lv wkh vwxg| ri
udwlrqdo ehkdylru1 Wklv vxjjhvwv wkdw wkh phwkrgrorjlfdo mxvwl?fdwlrq ri qhrfodvvlfdo hfrqrplfv pxvw eh
vwulfwo| sudjpdwlf/ zklfk lq wxuq rshqv wkh grru wr phwkrgrorjlfdo soxudolvp1 Wkh dvvxpswlrqv prvw xvhixo
iru xqghuvwdqglqj krz hfrqrplhv ixqfwlrq dw wkh djjuhjdwh ohyho pd| eh frpsohwho| gl>huhqw wkdq wkrvh iru
xqghuvwdqglqj lqglylgxdo ehkdylru/ dqg hlwkhu ru qhlwkhu pd| eh wkrvh ri qhrfodvvlfdo hfrqrplfv1
Zh kdyh vhhq wkdw qhrfodvvlfdo frqvxphu wkhru| uhtxluhv pxfk pruh vwuxfwxuh wkdq d ihz 3udwlrqdolw|4
srvwxodwhv/ dqg wkdw pxfk ri wklv vwuxfwxuh lv lpsodxvleoh1 Jrlqj idu eh|rqg wkh wrslfv ri wkh suhvhqw
sdshu/ zh fdq pdnh pruh suryrfdwlyh fodlpv1 H{shulphqwdo hfrqrplfv kdv ghflpdwhg qhrfodvvlfdo frqvxphu
wkhru| dw wkh lqglylgxdo ohyho1 Zhoo nqrzq uhvxowv iurp jhqhudo htxloleulxp wkhru| whoo xv ixuwkhu wkdw
wkh qhrfodvvlfdo surmhfw ri surylglqj plfurirxqgdwlrqv iru pdfurhfrqrplfv lv lpsudfwlfdeoh +Nlupdq 4<;</
5<Qrwh wkdw li %-% ￿ dqg %￿ ￿% ￿￿/ wudqvlwlylw| lpsolhv %-% ￿￿> wkhq zh fdqqrw kdyh %￿￿ -%ru wudqvlwlylw| zrxog lpso| %￿￿ -% ￿>
vr %￿% ￿￿1F d o ow k l vu h v x o wU S S 1V l p l o d u o | /l i%￿% ￿ dqg %￿ -% ￿￿/ wudqvlwlylw| lpsolhv %-% ￿￿> wkhq zh fdqqrw kdyh %￿￿ -%ru USS
+zklfk lv lpsolhg e| wudqvlwlylw|, zrxog lpso| %￿￿ ￿% ￿>v r%￿% ￿￿1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 56
4<<5,1 Zkloh qhrfodvvlfdo wkhru| frqwlqxhv wr r>hu d frkhuhqw ghvfulswlrq ri lpdjlqdu| hfrqrplhv/ lw lv
ehfrplqj lqfuhdvlqjo| gl!fxow wr duwlfxodwh h{dfwo| zkdw qhrfodvvlfdo hfrqrplvwv duh grlqj zkhq wkh| uho|
rq qhrfodvvlfdo wkhru| dw dq| ohyho ri dssolhg zrun1
Uhihuhqfhv
Dqdqg/ Sdxo +4<<3,1 3Lqwhusuhwlqj D{lrpdwlf +Ghflvlrq, Wkhru|14 Dqqdov ri Rshudwlrqv Uhvhdufk 56/ <48
4341
Dupvwurqj/ Z1 H1 +4<83,1 3D Qrwh ri wkh Wkhru| ri Frqvxphu*v Ehkdylru14 R{irug Hfrqrplf Sdshuv 5/
44<8551
Duurz/ Nhqqhwk M1 +4<8<,1 3Udwlrqdo Fkrlfh Ixqfwlrqv dqg Rughulqjv14 Hfrqrphwulfd 59/ 454845:1
Duurz/ Nhqqhwk M1 +4<9:,1 3Sxeolf dqg Sulydwh Ydoxhv14 Lq V1 Krrn/ hg1/ Kxpdq Ydoxhv dqg Hfrqrplf
Srolf|/ ss1 68541 Qhz \run= Qhz \run Xqlyhuvlw| Suhvv1
Ehujvwurp/ Wkhrgruh F1 +4<:8,1 3Pd{lpdo Hohphqwv ri Df|folf Uhodwlrqv rq Frpsdfw Vhwv14 Mrxuqdo ri
Hfrqrplf Wkhru| 43/ 73687371
Erzohv/ Vdpxho +4<<;/ Pdufk,1 3Hqgrjhqrxv Suhihuhqfhv= Wkh Fxowxudo Frqvhtxhqfhv ri Pdunhwv dqg
rwkhu Hfrqrplf Lqvwlwxwlrqv14 Mrxuqdo ri Hfrqrplf Olwhudwxuh 69/ :8( X4441
Gdylgvrq/ Grqdo/ Sdwulfn Vxsshv/ dqg Vlgqh| Vlhjho +4<8:,1 Ghflvlrq Pdnlqj= Dq H{shulphqwdo Dssurdfk1
Vwdqirug/ FD= Vwdqirug Xqlyhuvlw| Suhvv1
Hgjhzruwk/ I1 \1 +4;;4,1 Pdwkhpdwlfdo Sv|fklfv= Dq Hvvd| rq wkh Dssolfdwlrq ri Pdwkhpdwlfv wr wkh
Prudo Vflhqfhv1 Orqgrq= F1 Nhjdq Sdxo1
Ilvkhu/ Luylqj +4;<5,1 Pdwkhpdwlfdo Lqyhvwljdwlrqv lq wkh Wkhru| ri Ydoxh dqg Sulfhv1 Qhz Kdyhq/ FW=
Frqqhfwlfxw Dfdghp| ri Duwv dqg Vflhqfhv1 Uhsulqw= Qhz Kdyhq/ FW= \doh Xqlyhuvlw| Suhvv/ 4<581
Jhrujhvfx0Urhjhq/ Qlfkrodv +4<69,1 3Wkh Sxuh Wkhru| ri Frqvxphu*v Ehkdylru14 Txduwhuo| Mrxuqdo ri
Hfrqrplfv 83/ 8788<61
Jhrujhvfx0Urhjhq/ Qlfkrodv +4<83,1 3Wkh Wkhru| ri Fkrlfh dqg wkh Frqvwdqf| ri Hfrqrplf Odzv14 Txdu0
whuo| Mrxuqdo ri Hfrqrplfv 97/ 45886;1
Jrvvhq/ K1K1 +4;87,1 Hqwzlfnoxqj ghu Jhvhw}h ghv phqvfkolfkhq Yhunhkuhv xqg ghu gdudxv  lhvvhqghq
Ihjhoq i￿u phqvfkolfkhv Kdqghop1 Eudxqvfkzhlj= Ylhzhj1
Khovrq/ Kduu| +4<97,1 Dgdswdwlrq Ohyho Wkhru|= Dq H{shulphqwdo dqg V|vwhpdwlf Dssurdfk wr Ehkdylru1
Qhz \run= Kdushu ) Urz1
Khpsho/ Fduo J1 +4<75,1 3Wkh Ixqfwlrq ri Jhqhudo Odzv lq Klvwru|14 Mrxuqdo ri Sklorvrsk| 6</ 6887;1
Khpsho/ Fduo J1 +4<95,1 3Udwlrqdo Dfwlrq14 Surfhhglqjv dqg Dgguhvvhv ri wkh Dphulfdq Sklorvrsklfdo
Dvvrfldwlrq/8 8571
Khu}ehujhu/ Kdqv +4<:6,1 3Ruglqdo Suhihuhqfh dqg Udwlrqdo Fkrlfh14 Hfrqrphwulfd 74+5,/ 4;:856:1
Klfnv/ Mrkq U1 +4<6<,1 Ydoxh dqg Fdslwdo1 R{irug= Foduhqgrq Suhvv1 5qg Hglwlrq/ 4<791
Klfnv/ Mrkq U1 +4<89,1 D Uhylvlrq ri Ghpdqg Wkhru|1 Orqgrq= R{irug Xqlyhuvlw| Suhvv1
Klfnv/ Mrkq U1 +4<:7,1 3Suhihuhqfh dqg Zhoiduh14 Lq D1 Plwud/ hg1/ Hfrqrplf Wkhru| dqg Sodqqlqj/ ss1
68491 Fdofxwwd= R{irug Xqlyhuvlw| Suhvv1
Klfnv/ Mrkq U1 dqg U1J1G1 Doohq +4<67,1 3D Uhfrqvlghudwlrq ri wkh Wkhru| ri Ydoxh14 Hfrqrplfd 4/
4<9854<1
Krxwkdnnhu/ K1V1 +4<83/ Pd|,1 3Uhyhdohg Suhihuhqfh dqg wkh Xwlolw| Ixqfwlrq14 Hfrqrplfd QV 4:/ 48<8:71
Krxwkdnnhu/ K1 V1 +4<94,1 3Wkh Suhvhqw Vwdwh ri Frqvxpswlrq Wkhru|14 Hfrqrphwulfd 5</ :378731
Mh>uh|/ U1 +4<;6,1 Wkh Orjlf ri Ghflvlrq +5qg hg1,1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1
M h y r q v /Z 1 V 1+ 4 ; : 4 , 1Wkh Wkhru| ri Srolwlfdo Hfrqrp|1 Orqgrq= Pdfploodq1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 57
Ndkqhpdq/ G1 dqg D1 Wyhuvn| +4<:<,1 3Dqrpdolhv lq Lqwhuwhpsrudo Fkrlfh14 Txduwhuo| Mrxuqdo ri Hfr0
qrplfv1
Ndkqhpdq/ G1 dqg D1 Wyhuvn| +4<;7,1 3Fkrlfh/ Ydoxhv/ dqg Iudphv14 Dphulfdq Sv|fkrorjlvw 6</ 6748831
Nuhsv/ Gdylg P1 +4<<3,1 D Frxuvh lq Plfurhfrqrplf Wkhru|1 Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv1
Olwwoh/ L1P1G1 +4<7<,1 3D Uhirupxodwlrq ri wkh Wkhru| ri Frqvxphu*v Ehkdylrxu14 R{irug Hfrqrplf Sd0
shuv 4/ <38<1
Pduvfkdn/ M1 +4<93,1 3Elqdu|0Fkrlfh Frqvwudlqwv dqg Udqgrp Xwlolw| Lqglfdwruv14 Lq Nhqqhwk M1 Duurz/
V1 Nduolq/ dqg S1 Vxsshv/ hgv1/ Pdwkhpdwlfdo Phwkrgv lq wkh Vrfldo Vflhqfhv/ ss1 645865<1 Vwdqirug=
Vwdqirug Xqlyhuvlw| Suhvv1
Pdv0Frohoo/ Dqguhx/ Plfkdho G1 Zklqvwrq/ dqg Mhuu| U1 Juhhq +4<<8,1 Plfurhfrqrplf Wkhru|1R { i r u g =
R{irug Xqlyhuvlw| Suhvv1
Pd|/ Nhqqhwk R1 +4<87/ Mdqxdu|,1 3Lqwudqvlwlylw|/ Xwlolw|/ dqg Djjuhjdwlrq lq Suhihuhqfh Sdwwhuqv14 Hfrqr0
phwulfd {{/ 48461
PfFohqqhq/ Hgzdug I1 +4<<3,1 Udwlrqdolw| dqg G|qdplf Fkrlfh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
PfIdgghq/ Gdqlho dqg Pdufho N1 Ulfkwhu +4<<3,1 3Gxdolw| lq Frqvxphu Wkhru|14 ss1 49484;91
Qhkulqj/ Nodxv +4<<9/ Pdufk,1 3Pd{lpdo Hohphqwv ri Qrq0Elqdu| Fkrlfh Ixqfwlrqv rq Frpsdfw Vhwv14
Hfrqrplfv Ohwwhuv 83+6,/ 66:8731
Qr}lfn/ Urehuw +4<96,1 Wkh Qrupdwlyh Wkhru| ri Lqglylgxdo Fkrlfh1 Qhz \run= Jduodqg Sxeolvklqj1
Uhsulqw 4<<31
Qr}lfn/ Urehuw +4<<6,1 W k hQ d w x u hr iU d w l r q d o l w | 1 Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv1
S d u h w r /Y 1+ 4 < 3 < , 1Pdqxho G*￿frqrplh Srolwltxh1S d u l v =Y 1J l d u gd q gH 1E u l º u h 1
Sroodn/ Urehuw D1 +4<<3/ Vsulqj,1 3Glvwlqjxlvkhg Ihoorz= Krxwkdnnhu*v Frqwulexwlrqv wr Hfrqrplfv14
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 7+5,/ 4748891
Udelq/ Pdwwkhz +4<<;/ Pdufk,1 3Sv|fkrorj| dqg Hfrqrplfv14 Mrxuqdo ri Hfrqrplf Olwhudwxuh 69+4,/
448791
Ulfkwhu/ Pdufho N1 +4<99,1 3Uhyhdohg Suhihuhqfh Wkhru|14 Hfrqrphwulfd 67/ 9688781
Ureelqv/ Olrqho +4<68,1 Dq Hvvd| rq wkh Qdwxuh dqg Vljql?fdqfh ri Hfrqrplf Vflhqfh +5qg hg1,1 Orqgrq=
Pdfploodq1
Urelqvrq/ Mrdq +4<95,1 Hfrqrplf Sklorvrsk|1 Orqgrq= Zdwwv1
Urvh/ Duqrog P1 +4<8:,1 3D Vwxg| ri Luudwlrqdo Mxgjhphqwv14 Mrxuqdo ri Srolwlfdo Hfrqrp| {{{/ 6<787351
Vdpxhovrq/ Sdxo D1 +4<6;/ Iheuxdu|,1 3D Qrwh rq wkh Sxuh Wkhru| ri Frqvxphu*v Ehkdylru14 Hfrqrp0
lfd QV 8/ 948:41
Vdpxhovrq/ Sdxo D1 +4<83/ Qryhpehu,1 3Wkh Sureohp ri Lqwhjudelolw| lq Xwlolw| Wkhru|14 Hfrqrplfd QV
4:/ 6888;81
Vdydjh/ O1 M1 +4<86,1 Wkh Irxqgdwlrqv ri Vwdwlvwlfv1 Qhz \run= Zloh|1
Vfkzduw}/ Wkrpdv +4<:9,1 3Fkrlfh Ixqfwlrqv/ cUdwlrqdolw|* Frqglwlrqv/ dqg Yduldwlrqv rq wkh Zhdn D{lrp
ri Uhyhdohg Suhihuhqfh14 Mrxuqdo ri Hfrqrplf Wkhru| 46/ 747875:1
Vhq/ Dpduw|d N1 +4<:4/ Mxo|,1 3Fkrlfh Ixqfwlrqv dqg Uhyhdohg Suhihuhqfh14 Uhylhz ri Hfrqrplf Vwxg0
lhv 6;/ 63:84:1
Vhq/ Dpduw|d N1 +4<:6/ Dxjxvw,1 3Ehkdylru dqg wkh Frqfhsw ri Suhihuhqfh14 Hfrqrplfd 73+48;,/ 574858<1
Qhz Vhulhv1
Vhq/ Dpduw|d N1 +4<<:/ Mxo|,1 3Pd{lpl}dwlrq dqg wkh Dfw ri Fkrlfh14 Hfrqrphwulfd 98+7,/ :788:<1
Vkdfnoh/ Jhrujh O1V1 +4<8;,1 Wlph lq Hfrqrplfv1 Dpvwhugdp= Qruwk0Kroodqg1 Vhfrqg Sulqwlqj 4<9:1Suholplqdu| gudiw> flwh zlwk shuplvvlrq rqo|1 sdjh 58
Vxjghq/ Urehuw +4<;8,1 3Zk| Eh FrqvlvwhqwB D Fulwlfdo Dqdo|vlv ri Frqvlvwhqf| Uhtxluhphqw lq Fkrlfh
Wkhru|14 Hfrqrplfd 85/ 49:8;61
Vx}xpxud/ Nrwdur +4<;6,1 Udwlrqdo Fkrlfh/ Froohfwlyh Ghflvlrqv/ dqg Vrfldo Zhoiduh1 Fdpeulgjh= Fdp0
eulgjh Xqlyhuvlw| Suhvv1
Wldq/ J1 +4<<6,1 3Qhfhvvdu| dqg Vx!flhqw Frqglwlrqv iru Pd{lpl}dwlrq ri d Fodvv ri Suhihuhqfh Uhodwlrqv14
Uhylhz ri Hfrqrplf Vwxglhv 93/ <7<88;1
Wxoorfn/ Jrugrq +4<97,1 3Wkh Luudwlrqdolw| ri Wudqvlwlylw|14 R{irug Hfrqrplf Sdshuv 49/ 734891 Uhsulqwhg
dv fkdswhu < ri Vrfldo Fkrlfh L1
Wyhuvn|/ D1 dqg G1 Ndkqhpdq +4<<4,1 3Dqrpdolhv lq Lqwhuwhpsrudo Fkrlfh {{{14 Txduwhuo| Mrxuqdo ri
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